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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a developing device for image forming apparatuses, which is used in image
forming apparatuses such as xerographic copiers, laser printers and facsimile machines which form images by devel-
opment using a non-magnetic, one-component type developer, and which comprises, all received in a developer tank:
a developing roller for supplying a developer to a photoconductor; a developer feed roller for conveying and supplying
the developer to the developing roller, placed in non-contact with the developing roller; and a toner (or developer)-layer
thickness control member which controls the thickness of the developer layer on the developing roller.
[0002] In addition, the present invention relates to a developing device which develops an electrostatic latent image
formed on a recording medium, wherein a one-component type developer is conveyed to the developing region while
being applied to the developing roller at a constant thickness.

2. Description of the Related Art

[0003] Developing devices for supplying developer to an electrostatic latent image on a photoconductor drum have
been provided according to the prior art in image forming apparatuses such as printers which form images in a xero-
graphic manner using a non-magnetic, one-component type developer.
[0004] This type of developing device is disclosed in Japanese Unexamined Patent Publication JP-A 2-101485
(1990), for example. The developing device 100 described in the publication comprises, as shown in Fig. 114, a sleeve
102 which rotates to supply developer 106 deposited on its periphery to a photoconductor drum 101; a developer feed
roller 103 with recess sections on its periphery, placed near and in noncontact with the sleeve 102; a scrubbing member
105 for scrubbing developer 106 in the recess sections 104 on the periphery of the developer feed roller 103, etc. The
developer 106 in the developing device 100 is loaded in the recess sections 104 on the periphery as the developer
feed roller 103 is rotated and scrubbed by the scrubbing member 105 to be received in a developer-supplying chamber
107. The developer 106 received in the developer-supplying chamber 107 is then deposited on the sleeve 102 and
then on the photoconductor drum 101 at the section 108 of contact with the photoconductor drum 101 as the sleeve
102 is rotated.
[0005] The publication also discloses other types of developer feed rollers with recess sections formed on the pe-
riphery, including a developer feed roller 110 having curved recess sections 111 as shown in Fig. 115, a developer feed
roller 120 coated with a sponge 121 as shown in Fig. 116, and a developer feed roller 130 covered with bristles 131
as shown in Fig. 117, all of which are designed to scrub the developer 106 on the surfaces of the developer feed rollers
103, 110, 120 and 130 with a scrubbing member 105.
[0006] Other embodiments of this type of developing device include, for example, the one shown in Fig. 118 which
is manufactured by Epson, Inc. This developing device is designed in such a manner that a circular developer feed
roller 201 is rotated opposite to the direction of a developing roller 202, and a developer-scrubbing member 203 is
provided at the bottom of the developer feed roller 201 to convey developer to the developing roller 202.
[0007] Xerography-based image forming apparatuses such as copiers and laser printers are equipped with a devel-
oping device for depositing developer comprising a coloring pigment on an electrostatic latent image formed on a
photoconductor as a recording medium in order to visualize the electrostatic latent image. Here, the electrostatic latent
image need not be black; replaceable developing devices which contain differently colored types of developer may be
mounted in the body of an image forming apparatus for color printing.
[0008] Specifically, the dominating developing developer for color printing of the prior art is two-component type.
This means that developer composed of a coloring pigment and a resin fails to produce a desired color if mixed with
a magnetic material or another material.
[0009] Therefore, if one-component type color developer is desired, the one-component type developer is inevitably
non-magnetic developer rather than magnetic developer. In cases where such non-magnetic developer is used, de-
veloping devices with a magnetic brush according to the prior art can no longer be used. This is because magnetic
force fails to adsorb developer on the periphery of a developing roller in a given amount as controlled by a control
member.
[0010] As a countermeasure, the above-mentioned developing device shown in Fig. 115 has been presented. The
developing device 112 shown in the drawing is equipped with a developing roller 113 which conveys a given amount
of one-component type developing developer 106, which is stored in a developer tank 114 supporting the developing
roller 113 in a rotatable manner, to a photoconductor with an electrostatic latent image formed thereon to visualize the
electrostatic latent image, and with a developer feed roller 110 for supplying the developer 106 to the developing roller
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113 for its deposition thereon. Here, a controller member 115 is pressed against the periphery of the developing roller
113 in order to ensure that a constant amount of developer 106 is deposited on the developing roller 113. With this
configuration, developer 106 supplied to the curved recess sections 111 of the feed roller 110 is forcedly brought into
contact with the developing roller 113 for its deposition on the developing roller 113 as the developer 106 passes along
the developing roller 113, leveled to a constant amount as it passes along the control member 115 halfway during
conveyance by rotation of the developing roller 113, and then conveyed to the developing region facing the photocon-
ductor.
[0011] With the above-mentioned prior art developing devices for image forming apparatuses, however, the devel-
oper feed rollers 103 and 110 shown in Fig. 114 and Fig. 115 tend to have different levels of torque in the case where
the scrubbing member 105 scrubs developer 106 in the peripheral recess sections 104 or the curved recess sections
111 and in the case where the scrubbing member 105 scrubs developer 106 on the shoulder sections 116 of the
developer feed rollers 103 and 110. That is, a load imposed on the developer feed rollers 103 and 110 during scrubbing
by the scrubbing member, though flexible, is larger as it rides over the shoulder sections 116 than when it scrubs the
peripheral recess sections 104 or the curved recess sections 111. As a result, this difference in torque has the adverse
effect of influencing rotation of the motors which drive the developer feed rollers 103 and 110, e.g., change in the driving
force, thus resulting in the problem of irregular image quality.
[0012] In addition, with the developer feed roller 120 shown in Fig. 116, the scrubbing member 105 must dig into a
sponge 121 when it is attempted to scrub the developer 106 caught in the sponge 121, and this also results in increased
torque of the developer feed roller 120. Further, the sponge-coated roller is more expensive than resin rollers.
[0013] Furthermore, with the sponge-coated roller, the developer 106 once scrubbed from the sponge 121 tends to
be caught by the sponge 121, and this results in lower capacity to convey developer 106.
[0014] On the other hand, since the developer feed roller 130 with bristles 131 which is shown in Fig. 117 requires
an increased amount of digging by the scrubbing member 105, torque of the developer feed roller 130 increases.
[0015] Further, in the same manner as with the developer feed roller 120 coated with the sponge 121, the developer
106 once scrubbed from the bristles 131 tends to be caught again by the bristles 13, and this results in lower capacity
to convey developer 160 as well. An additional problem is the increased cost of the materials.
[0016] A problem with the circular developer feed roller 201 shown in Fig. 118 is that its capacity to move developer
106 by its rotation is low, and this results in lower capacity to supply the developer 106. This problem causes a further
problem of creation of sections free of developer 106 on the developing roller 202 after solid printing, and this increases
the probability of white void in the solid printing.
[0017] These problems are particularly serious for compact printers. This is because compact printers, which use a
downsized motor for miniaturization and cost-reduction, have a problem in that the developer feed roller 103 and other
members constructed as described above tend to undergo change in torque and are therefore irregularly driven for
rotation, resulting in the formation of images with unfavorable quality.
[0018] As a countermeasure against the problems mentioned above, for prevention of leakage of developers from
developing devices before use, Japanese Unexamined Patent Publication JP-A 59-107560 (1984) discloses a structure
shown in Figs. 119A and 119B, wherein the region of a developer storage section 301 is separated from the region of
a developing roller 302 by a sheet-like sealing member 303 when in a not-yet used state so as to prevent leakage of
the developer sealed in the developer storage section 301 through the developing roller 302 during transportation,
which contaminates the surroundings, and just before use the sheet-like sealing member 303 is opened by an opening
member 304 to provide double doors through which the developer is supplied to the region of the developing roller
302. This structure, however, is complicated and increases the cost.
[0019] On the other hand, with the prior art developing device 112 shown in Fig. 115, it is extremely difficult to level
developer 106 by the control member 115 as the developer 106 passes along the member 115 on the way to the point
of development. More specifically, the requirement of uniform pressing of the control member 115 against the devel-
oping roller 113 along the full axial length thereof is rather difficult to accomplish because adjustment of pressure for
the uniform pressing is extremely troublesome, and this results in distribution of irregular axial force of pressing which
in turn results in irregular amounts of deposition (amounts of application) of developer 106. Additionally, it is also
extremely difficult to provide a smooth and even section of contact between the control member 115 and the developing
roller 113. Therefore, formation of irregularities on the section of contact with the developing roller 113 may impair
evenness of application. Conversely, if the control member 115 has an excessively smooth surface, the developing
roller 113 may have increased torque.
[0020] In addition, even if developer 106 may be applied uniformly with the aid of the control member 115, repeated
development tends to cause partially thinner density and gradual reduction in line width along the direction of paper
conveyance when halftone images or solid images are developed. This tendency becomes more significant as the
amount of developer 106 remaining in the developer tank decreases. Should this tendency further increase, torque of
the developing device, particularly torque for rotating the developing roller 113 increases, and consequently there will
occur a problem in that the developing roller is put out of rotation, or locked.
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[0021] This is caused by gradual fusion of developer 106, which is controlled by the control member 115, to the
control member 115 by pressure from the control member 115 and the developing roller 113. As a result, since the
fused sections are elevated to provide irregularities (bumps and dents) at the section of the control member 115 which
contacts the developing roller 113, and the amount of developer applied to the developing roller 113 becomes irregular
accordingly in the peripheral direction along the irregular surface, that is, it is not consistent in the axial direction, and
this results in the above-mentioned formation of streaks on the paper in the direction of conveyance. The fused devel-
oper 106 also increases the torque of the developing roller 113.
[0022] On the other hand, with the prior art developing device shown in Fig. 115, for deposition of developer 106
supplied by the feed roller 110 on the developing roller 113, the developer 106 passes along the developing roller 113,
and the developer pressure in the developer-supplying chamber 107 is increased to promote deposition of the devel-
oper on the developing roller 113. In cases where the developer pressure in the supplying chamber 107 is not consistent
due to the relationship between the feed roller 110 and the developing roller 113, the amount of charge of the developer
106 by friction is not stable, and thus since the pressure of the developer 106 to be deposited on the developing roller
113 is not constant, the amount of developer 106 deposited on the developing roller 113 is not stable.
[0023] With the developing device 112 shown in Fig. 115, the position of the scrubbing member 105 for scrubbing
developer 106 remaining in the curved recess sections 111 of the feed roller 110 which supply developer 106 changes
as the developer feed roller 110 rotates. For this reason, the volume of the developer-supplying chamber 107 changes,
and thus the pressure of developer 106 at that location cannot be constant, as mentioned above. Accordingly, not only
is the developer 106 inconsistently charged by friction, but there also remains the problem of the notable influence of
the developing roller 113 on the amount of application of developer 106.
[0024] Although the foregoing description is centered on the amount of non-magnetic, one-component type developer
106 deposited on the developing roller 113, magnetic, one-component type developer 106 also must be deposited on
the developing roller 113 in a constant amount, and for this the control member 115 is provided in the developer tank
114 as in the case with non-magnetic, one-component type developer. Even with this control member 115, since de-
veloper 106 is pressed against the developing roller 113 to control the amount of developer 106 to be deposited, the
developer 106 is deposited on the control member 115, repeating the deposition causes fusion of the deposited de-
veloper and the inconvenience explained above occurs in the same manner.

SUMMARY OF THE INVENTION

[0025] The present invention has been accomplished in the light of the problems of the prior art discussed above,
and it is aimed at providing a developing device for an image recording apparatus which is designed to improve image
quality and to reduce cost by consistent conveyance of developer by a developer feed roller and a developing roller.
[0026] Also, the present invention allows application of a constant amount of developer to a developing roller and
stable development. Particularly, the present invention is aimed at allowing application of a constant amount of devel-
oper to a developing roller by minimizing deposition and consequently possible fusion of developer on a control member
which controls the amount of developer deposited on the developing roller.
[0027] According to the present invention there is provided a developing device for holding and supplying particulate
developer in an image recording apparatus, the device comprising a developing roller for supplying the developer from
the device, a developer feed roller for transferring developer to the developing roller, a control member for controlling
the layer thickness of developer on the developing roller, and a developer applying member for controlling the appli-
cation of developer to the developing roller at a substantially constant application pressure.
[0028] The developing device may further comprise means for recovering developer removed from the developing
roller by the control member.
[0029] The developing device may further include a scrubbing member for removing additional developer from the
surface of the developer feed roller, to be applied to the developing roller.
[0030] The developing device may further include means dividing the internal space of the device into a first chamber
in which developer is applied to the developer feed roller and a second chamber in which developer is transferred to
the developing roller, said dividing means permitting the return of excess developer from the second chamber to the
first chamber.
[0031] The developing device may further include means for isolating the developer from the developing roller prior
to use of the device, said isolating means being displaceable to release the developer through operation of a component
of the developer transport mechanism of the device.
[0032] In the developing device, an inner wall surface of the device adjacent the developer feed roller may be provided
with a surface roughness for promoting charging of the developer.
[0033] In the developing device, the surface of the developer feed roller may be provided with a surface roughness
for promoting charging of the developer.
[0034] In the developing device, the developer feed roller may have a polygonal shape in cross-section.



EP 0 715 226 B1

5

10

15

20

25

30

35

40

45

50

55

5

[0035] In an embodiment in which the developing device is for use in an image recording apparatus in which a non-
magnetic, one-component type developer is used, and in which said developing roller supplies a developer to a pho-
toconductor; said developer feed roller is provided in non-contact with the developing roller, for conveying and supplying
the developer to the developing roller; said control member is placed upstream in the direction of conveyance of the
developer relative to the position of supply of said developer to the photoconductor, and said developer-applying mem-
ber is disposed in the region of the developer feed roller and the developing roller, and extends in the axial direction
of the developing roller, and also extends in the direction in which the developer is conveyed toward the control member
by rotation of the developing roller and the developer feed roller, with decreasing distance from the surface of the
developing roller.
[0036] According to the configuration of this embodiment, the developer conveyed around the developing roller by
the developer feed roller is pressed toward the developing roller by the force of conveyance of the developer feed
roller, and the developer is deposited on the surface of the developing roller by the pressing force due to this convey-
ance. The thickness of the layer of the deposited developer is controlled for a consistent and smaller value by the
control member. The pressing force due to the conveyance alone, however, is not always enough to cause the developer
to be deposited on the developing roller. As a countermeasure against this, according to this embodiment of the present
invention, the developer-applying member is provided along the direction of conveyance of the developer which is
conveyed toward the control member, with decreasing distance from the surface of the developing roller. In addition,
the developer-applying member extends along the axial direction of the developing roller. This results in an increased
pressure of the developer in the course of conveyance of the developer along the developer-applying member and
consequent increased pressing force on the developer against the surface of the developing roller. Since the developer
is densely applied to the surface of the developing roller in this way, a constant layer thickness may be easily maintained
by the control member, resulting in great reduction in inconsistencies in density and in overfed developer of printed
images.
[0037] In the developing device the developer-applying member may be formed of a material having elastic restoring
force.
[0038] In such case, the developer-applying member, being formed of a material with elastic restoring force, may
absorb variation in the pressure caused by movement of the developer under conveyance and variation in the pressure
caused by eccentricity of the developer feed roller and/or the developing roller. This allows application of the developer
on the surface of the developing roller under stabilized pressure, and thus a constant layer thickness may be more
easily maintained by the control member, resulting in great reduction in inconsistencies in density and in overfed de-
veloper of printed images.
[0039] In the developing device the tip of the developer-applying member may be bent in the shape of an L or U letter.
[0040] In the case where the tip of the developer-applying member is bent as an L, the comer may be arranged in
contact with the developing roller under pressure to make even the surface of contact between the developing roller
and the developer-applying member thereby providing a consistent pressure on the surface of the developing roller
and to reinforce the developer-applying member. Accordingly, application of developer may be conducted in a uniform
and stable manner without being influenced by the qualitative characteristics of the developer-applying member. In
addition, in the case where the tip of the developer-applying member is bent as a U, and the curved section of the U
is brought into contact with the developing roller under pressure, since the contact surface is curved, the developer
moves easier under the reduced stress. As a result, high-quality images may be produced consistently even with lower
accuracy in mounting the developer-applying member, thus allowing reduction in the cost.
[0041] In the developing device the tip of the developer-applying member may comprise two or more layers of plates.
[0042] In such case, where two or more layers of PET or the like are used, this use results in permanent elimination
of distortion which allows long-term consistent application of a developer.
[0043] In the developing device the developer-applying member may be provided with irregularities formed on the
surface thereof.
[0044] In such case, where the irregularities are smaller than the particle size of the developer and are formed at
least on the surface of the developer-applying member at the side of the developing roller, the developer is preliminarily
charged by friction when it passes through the irregular section. The result is production of constant image quality free
of overfed developer.
[0045] In the developing device the ten-point mean surface roughness Rz of the irregularities and the mean particle
size "r" of the developer may satisfy the relation: 1/2 x r % Rz % 10 x r.
[0046] In such case, the friction between the inner surface of the developer tank or the surface of the developer-
applying member and the developer is most effectively accomplished. More specifically, in cases where the ten-point
means surface roughness Rz is considerably smaller than the mean particle size "r" of the developer, the inner surface
of the developer tank or the surface of the developer-applying member is almost in a mirror-smooth state, and thus
only the developer flowing close to the inner surface of the developer tank or the surface of the developer-applying
member is charged by friction, whereas the developer flowing away from both the inner surface of the developer tank
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and the surface of the developer-applying member resists charging. This is because the agitation by the irregularities
formed to promote frictional electrification of the developer is more difficult with mirror-smooth surfaces. As a result,
in cases where the ten-point mean surface roughness Rz is considerably smaller than the mean particle size "r" of the
developer, the amount of preliminary charge of the developer varies, and the amount of charge of the developer applied
to the surface of the developing roller also varies.
[0047] Conversely, in cases where the ten-point mean surface roughness Rz is excessively larger than the mean
particle size "r" of the developer, since the developer caught in the irregularities cannot be released, friction is produced
between the developer flowing near the inner surface of the developer tank or the developer-applying member and
the developer caught in the irregularities, thus increasing the amount of the developer charged to the opposite polarity.
Accordingly, in this case as well, the amount of preliminary charge of the developer varies, and thus the amount of
charge of the developer applied to the surface of the developing roller also varies.
[0048] For these reasons, it is understood that the ten-point mean surface roughness Rz should have proper upper
and lower limits. The range of the ten-point mean surface roughness Rz defined above is the result of proper setting
based on the results of measurement of variations in the amount of charge of the developer.
[0049] In the developing device the developer-applying member may be provided with a pressure-regulating valve
which controls increase in the pressure of the developer being conveyed between the developer-applying member and
the developer roller.
[0050] In such case, if the pressure of the developer which is conveyed between the developer-applying member
and the developing roller increases excessively, the pressure-regulating valve opens to maintain a constant developer
pressure. Accordingly, since the developer is applied to the surface of the developing roller at more consistent pressure,
levelling of the layer thickness may be performed more easily with the control member, with the effect of greatly lowering
inconsistencies in density and overfed developer of printed images.
[0051] The developing device may comprise a scrubbing member in contact with the developer feed roller for scrub-
bing the developer deposited on the developer feed roller, the scrubbing member being fixed to the developer-applying
member, wherein the surface of the developing roller, the developer-applying member, and the scrubbing member
confine a space which functions as a pressurizing chamber for increasing the pressure of the developer during con-
veyance.
[0052] As a result of such configuration, the developer conveyed and supplied to the developing roller by the devel-
oper feed roller cannot escape out of the space.
[0053] Since the developer is successively conveyed into this space by rotation of the developer feed roller and the
developing roller, the developer becomes concentrated between the developer-applying member and the developing
roller. Therefore, the space functions as a pressurizing chamber for increasing the pressure of the conveyed developer.
In addition, since the developer scrubbed by the scrubbing member remains in the space, the pressure of the developer
in this space is further increased.
[0054] Since the pressure of the developer against the surface of the developing roller increases with increasing
pressure of the developer in the space, the developer is densely applied to the surface of the developing roller. This
results in easier levelling of the layer thickness by the control member which is placed downstream from the developer-
applying member and controls the layer thickness of the developer deposited on the developing roller, and thus incon-
sistencies in density and overfed developer of images may be greatly reduced.
[0055] In the developing device, a developer agitation roller, provided with a blade material at a tip thereof, may be
placed upstream from the developing roller in the path over which the developer is conveyed, to convey the developer
to the developer feed roller while agitating.
[0056] In this case, it is possible to efficiently convey the developer remaining in the developer tank from the developer
agitation roller to the developer feed roller thereby reducing the residue of the developer in the developer tank. As a
result, since the developer loaded in the developer tank may be fully consumed, developer supply cost may be mini-
mized.
[0057] In the developing device a through-hole may be formed in the scrubbing member.
[0058] In this case the developer may escape via the through-hole to prevent increase in torque of the developer
feed roller when the pressure exerted on the developer from the developer-applying member increases.
[0059] The developing device may further comprise a developer tank for receiving at least the developer, the devel-
oping roller, and the developer feed roller; wherein the developer-applying member is arranged for scrubbing the de-
veloper deposited on the developer feed roller, the developer-applying member extending from the inner wall surface
of the developer tank to the developer feed roller, facing the developing roller, to partition the developer tank, having
an end thereof extending to the developer feed roller to be in contact therewith, being placed at such a position as to
allow conveyance of the developer to a space between the developer-applying member and the developing roller by
rotation of the developing roller and the developer feed roller, and being provided with a hole formed therein for the
passage of the developer conveyed between the developer-applying member and the developing roller.
[0060] In such arrangement, a bottleneck is formed between the developer-applying member and the surface of the
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developing roller, and the developer pressure increases when the developer is sent into the bottleneck. This in turn
results in increased pressure of the developer against the surface of the developing roller, and therefore the developer
is densely applied to the surface of the developing roller. As a result, in cases where the control member which controls
the layer thickness of the developer deposited on the developing roller is provided downstream from the developer-
applying member, levelling of the layer thickness may be performed by the control member more easily, and inconsist-
encies in density and overfed developer of images may be greatly decreased.
[0061] In addition, since the developer-applying member has a hole which allows passage of the developer conveyed
to the space between the developer-applying member and the developing roller, there is formed a circuit which allows
the developer to return to the developer feed roller through the hole. With the formation of this circuit, excessive increase
in the developer pressure may be prevented, and the developer may be pressed at all times against the surface of the
developing roller at a proper pressure by appropriately setting the area of the hole. Since the amount of the developer
deposited on the developing roller is made constant in this way, regardless of change in the pressure, the effect of
greatly decreasing inconsistencies in density and overfed developer of images may be maximized.
[0062] In the developing device the developer-applying member may be formed of a rigid material, except in the
vicinity of the end extending to the developer feed roller.
[0063] In this arrangement, the end of the developer-applying member is rocked when it contacts the developer feed
roller to scrub the developer. However, since the developer-applying member is formed of a rigid material except in
the vicinity of this end, the spacing between the developer-applying member and the developing roller is held consist-
ently at all times without being influenced by the rocking of the end. Accordingly, the pressure of the developer against
the surface of the developing roller is stable without being influenced by the rocking of the end.
[0064] In the developing device the width of the hole formed in the developer-applying member may increase toward
the developing roller.
[0065] In this case, the frictional resistance between the developer and the wall surface of the hole decreases, and
thus the developer may pass through the hole smoothly. As a result, since smooth circulation is ensured, which allows
the developer conveyed to the spacing between the developer-applying member and the developing roller to return to
the developer feed roller through the hole, there is no change in the pressure for conveyance of the developer or
change in torque of the developer feed roller. This allows downsizing of motors for driving the developing device.
[0066] In the developing device a developer agitation roller for conveying the developer to the developer feed roller
while agitating the developer may be provided upstream from the developer feed roller in the path over which the
developer is conveyed, and the amount S1 of conveyance per rotation of the developer feed roller, the amount S2 of
conveyance per rotation of the developer agitation roller, and the ratio "b" of the number of rotations of the developer
agitation roller may satisfy the relation: S1 %b x S2.
[0067] In cases where this relation is satisfied, since the surroundings of the developer feed roller are kept full of the
developer supplied by the developer agitation roller, it is possible to overcome problems encountered in solid printing
which include decrease in density of solid portions of images with increasing numbers of printed sheets and difference
in density at the front and rear ends of the same solid portion on one sheet.
[0068] In the developing device a constant k representing (St · Rt) / (Sd · Rd) preferably satisfies the relation: 1%k%20,
wherein St is the area of the developer feed roller to convey the developer; Rt is the number of rotations thereof; Sd
is the area of the developing roller to convey the developer; Rd is the number of rotations thereof, provided that the
length of the developer feed roller is equal to the length of the developing roller.
[0069] The part of this relation comprising 1%k signifies that the amount of the developer conveyed from the developer
feed roller to the developing roller is equal to or more than the amount of the developer conveyed from the developing
roller to the photoconductor.
[0070] In cases where the relation is satisfied, the amount of the developer supplied to the developing roller is con-
stant, and thus the same effects as those of the configuration of the seventeenth embodiment are produced.
[0071] In cases where the constant k is more than 20, the amount of the developer conveyed from the developer
feed roller to the developing roller increases much more than the amount of the developer conveyed from the developing
roller to the photoconductor. In this case, the developer is excessively deposited on the developing roller, and thus
there is produced the defect of overfeeding of the developer to the printed images. Accordingly, the proper upper limit
is placed on the constant k.
[0072] The developing device may comprise a developer tank for receiving the developer, the developing roller, and
the developer feed roller; wherein the developer-applying member extends from the inner wall surface of the developer
tank to the developer feed roller, while facing the developer roller, to partition the developer tank, has an end thereof
extending to the developer feed roller and is in contact therewith to scrub the developer deposited on the developer
feed roller, and is placed at such a position as to allow conveyance of the developer to a space between the developer-
applying member and the developing roller by rotation of the developing roller and the developer feed roller; wherein
a plurality of open sections are formed in the developer-applying member by dividing a rectangular opening with longer
sides parallel to the axial direction of the developing roller, by parallelogrammic partitions which extend one longer side
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to the other longer side, and wherein the parallelogrammic partitions are formed such that the length of the portion of
any perpendicular line which crosses the partition is always constant when the perpendicular line is drawn from an
arbitrary point of one longer side to the other longer side.
[0073] In this arrangement, the partition also serves to prevent weakening of the developer-applying member due
to the formation of the opening in the developer-applying member.
[0074] Here, "the length of the portion of any perpendicular line segment which crosses the partition is always con-
stant" means that the portion of a perpendicular line segment which crosses the non-open section which prevents
passage of the developer has an identical length at all times, regardless of the point in the axial direction of the devel-
oping roller at which the perpendicular line segment crosses. Since it is natural from a geometrical point of view that
the width of the rectangular opening, that is, the distance between the longer sides of the rectangular opening, is fixed,
the combined length of the portions crossing the open sections, which allow passage of the developer, on a perpen-
dicular line segment may be determined by subtracting the length of the portion of the perpendicular line segment
which crosses the non-open section, from the width of the rectangle. It is apparent that as long as the width of the
rectangle and the length of portion of a perpendicular line segment which crosses the non-open section are fixed
regardless of the point in the axial direction of the developing roller at which the perpendicular line segment crosses,
the difference between them, i.e., the combined length of the portions crossing the open sections on a perpendicular
line segment is also fixed. The plurality of open sections formed in the developer-applying member are separated with
such partitions.
[0075] Accordingly, the amount of the developer which passes through the open sections is constant in the direction
perpendicular to the axial direction of the developing roller even in cases where passage of the developer is blocked
by the partition. As a result, since the blocking of the passage of the developer by the partition has no effect of increasing
the pressure of the developer, the pressure of the developer against the surface of the developing roller is constant in
the direction perpendicular to the axial direction of the developing roller. Thus, the configuration of the nineteenth
embodiment produces a better effect than the configuration of the fourteenth embodiment.
[0076] The developing device may comprise a developer agitation roller, provided upstream from the developer feed
roller in the path over which the developer is conveyed, for conveying the developer to the developer feed roller while
agitating the developer; and a developer tank for receiving the developer, the developing roller, the developer feed
roller, the developer agitation roller, and the developer-applying member; wherein the developer-applying member
extends toward the wall surface of the developer tank, with an end thereof being fixed by a fixing means provided on
the wall surface; a replaceable container for housing the developer tank; a guide groove, formed on the side wall of
the developer tank, for supporting and guiding the developer-applying member in a slidable manner, protrusions formed
on the developer-applying member, the protrusions being engageable with the developer agitation roller, and an anchor
protrusion formed on the wall surface of the developer tank and engageable with an anchor hole formed in the devel-
oper-applying member.
[0077] The container is designed so that the inside of the container is completely partitioned by the developer-ap-
plying member into the region of the developer agitation roller and the region of the developing roller and the developer
feed roller until the container is mounted in the apparatus body. Therefore, there is no risk of leakage of the developer
out of the container.
[0078] Conversely, the rotation of the developer agitation roller brings the proximal end of the developer agitation
roller into contact and engagement with the protrusions to move the developer-applying member upward until the distal
end of the developer-applying member is brought into contact with the periphery of the developer feed roller. The
developer-applying member is then fixed in this state which allows use of the container. In other words, in this state,
the developer agitated by the developer agitation roller is conveyed by the developer feed roller toward the developing
roller.
[0079] Accordingly, leakage of the developer in the container through the developing roller communicating with the
outside may be prevented until the container is used, and further there is no need to additionally provide the open
section with a lid or the like, and this results in reduction in the parts count and consequently in cost.
[0080] In the above developing device the developer-applying member may be flexible and may have a circular
section.
[0081] In such case, it is possible to completely separate the region of the developer agitation roller from the region
of the developing roller and the developer feed roller prior to sliding of the developer-applying member, and to fix the
developer-applying member, after it slides, by fitting the anchor hole formed in the developer-applying member over
the protrusion provided on the wall surface of the developer tank. More specifically, the circular developer-applying
member which divides the regions is allowed to slide along the wall surface of the developer tank due to the flexibility
of the developer-applying member. The configuration of the twentieth embodiment may be easily realized in this man-
ner.
[0082] In the above developing device the developer agitation roller may be rotated prior to operation of the image
forming apparatus.
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[0083] In this case, since there may be no need to adjust the torque of rotation of the developer agitation roller while
the developer-applying member is moved, the configuration of the device may be simplified.
[0084] The developing device may comprise a first gear mounted around the section of an extension of the developer
agitation roller outside the replaceable container, the first gear being engageable with a second gear mounted on the
image forming apparatus when the container is mounted in the body of the image forming apparatus.
[0085] Since higher torque than that of normal rotation is needed in order to move the developer-applying member
at the start of rotation of the developer agitation roller, the prior art requires operation to vary the torque of the developer
agitation roller. Nonetheless, the above preferred configuration allows rotation of the developer agitation roller while
only relying on the force of insertion of the container for its mounting.
[0086] In the developing device the control member may be a control roller for controlling the amount of the developer
to be supplied and deposited on the developing roller, the control roller being biased toward the developing roller by
pressure, and rotatably driven so as to move in the same direction as the developing roller in a region where the control
roller contacts the developing roller.
[0087] In this case, the amount of the developer deposited on the developing roller is controlled in response to rotation
of the control roller, and the developer applied to the developing roller in a given controlled amount leaves the control
roller and is conveyed to the region of development which faces the photoconductor which is the recording medium.
Here, since the developing roller and the control roller are rotated in the same direction at the section of contact between
them, the friction between the developer deposited on the surface of the developing roller and the control roller is
lowered, and energy is not consumed uselessly by, for example, production of heat at the section of contact with the
developer, thus accomplishing efficient control of the developer. Particularly, since the control member is in the shape
of a roll (cylinder), even with some irregularities partially formed thereon, its rotation allows application of a constant
amount of the developer. In addition, since the entire control roller is pressed against the developing roller, the section
of contact between them tends to be in a uniform state of contact.
[0088] In the developing device the peripheral speed of rotation of the control roller may be set to be higher than the
peripheral speed of the developing roller.
[0089] Since the developing roller is brought into contact successively with different sections of the surface of the
control roller during rotation, even in cases where some sections of the control roller have irregularities formed thereon,
the fresh sections act to level the uneven state of the developer deposited on the developing roller. Here, even if the
developer is deposited on the control roller, and irregularities are formed due to fusion of the deposited developer by
rotation of the control roller, fresh sections of the control surface are successively brought into contact with the devel-
oping roller, and therefore the uneven state of the developer is levelled. For this reason as well, the control roller is
rotated faster than the developing roller so that the developing roller contacts different sections of the surface of the
control roller successively.
[0090] In the developing device the control roller may be formed of a conductive material and is connected to a
grounding potential.
[0091] Electrostatic deposition of the charged developer on the control roller may thus be prevented. This results in
eliminating fusion of the developer deposited on the control roller and consequent formation of irregular sections on
the surface of the control roller. Thus, it becomes possible to apply a constant amount of developer to the developing
roller.
[0092] The developing device may comprise a cleaning member, placed in contact with the surface of the control
roller, for cleaning the surface of the control roller which has controlled the amount of the developer to be applied to
the developing roller.
[0093] This serves to prevent the fusion of the developer deposited on the surface of the control roller, thus preventing
the result of uneven application of the developer and increasing the life of the control roller.
[0094] The developing device may include a developer tank for receiving the developer, the developing roller, and
the developer feed roller, the developer tank having at an inner surface thereof that faces the developer feed roller,
irregularities which promote charging of the developer by friction.
[0095] In this case, the non-magnetic, one-component type developer is preliminarily charged to a degree by friction
with the rotating developer feed roller and by friction with the inner surface of the developer tank. An increased amount
of this preliminary charge prior to full-scale charging with the developing roller results in smooth electrostatic adsorption
of the developer on the photoconductor.
[0096] According to such configuration, irregularities for promoting frictional electrification of the developer are formed
on the inner surface of the developer tank which faces the developer feed roller. Accordingly, the frictional force between
the inner surface of the developer tank and the developer increases during the course of conveyance of the non-
magnetic, one-component type developer via the space between the developer feed roller and the opposing inner
surface of the developer tank by rotation of the developer feed roller. In addition, disturbance of the flow of the developer
by the irregularities promotes agitation of the developer. As a result, as compared with the case where the developer
tank has a mirror-like inner surface, the amount of charged developer increases due to the increased frictional force,
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and the charging is conducted more uniformly due to the agitation action.
[0097] The amount of preliminary charge of the developer may be increased in this way by charging due to the friction
with the inner surface of the developer tank in addition to charging due to the friction with the rotating developer feed
roller.
[0098] Here, the closer the developer feed roller is located to the inner surface of the developer tank, the higher the
pressure of the developer passing the space is, and this results in increased frictional force between the inner surface
of the developer tank and the developer and consequently more effective frictional electrification.
[0099] In the developing device the developer feed roller may be formed as a regular polygonal prism.
[0100] In this case, since the developer is conveyed along the side surfaces of the regular polygonal prism, the
capacity of conveying developer is greater than with a cylindrical type. Therefore, conveyance of the developer to the
developing roller is ensured even for solid printing which consumes a large amount of developer.
[0101] In addition, since the developer feed roller is a regular polygonal prism and thus the side surfaces are plain
surfaces having no recess sections, no member for scrubbing the developer remaining in recess sections is needed,
thus resulting in cost-reduction. Furthermore, even in cases where a scrubbing member is provided, since the member
has no recess sections, the developer feed roller undergoes less change in torque and is consistently driven to rotate.
Furthermore, since the conveyance of the developer is stable, consistent images free of overfed developer may be
produced.
[0102] In the above developing device the number of angles of the regular polygonal section may be 3-8.
[0103] According to such configuration, the surface angle with respect to the direction of rotation may be set to 22.5°
- 60° which allows conveyance of a large amount of developer by setting the number of angles of the regular polygonal
section of the developer feed roller to 3-8. This allows downsizing of the diameter of the developer feed roller which
leads to space savings. In addition, since the number of rotations may be decreased, consumption of energy may also
be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0104] Other and further objects, features, and advantages of the invention will be more explicit from the following
detailed description taken with reference to the drawings wherein:

Fig. 1 is a structural schematic view illustrative of a developer cartridge for printers having features which can be
used with the present invention;
Fig. 2 is a structural schematic view illustrative of an entire printer with the developer cartridge mounted therein;
Fig. 3 is a view which illustrates how the developer cartridge is mounted in the printer;
Fig. 4 is a view illustrative of developer-conveying sections of the developer feed roller in the developer cartridge;
Fig. 5 is a graph illustrative of the relationship between the number of angles of the polygonal section of the de-
veloper feed roller and the amount of conveyed developer;
Fig. 6 is a view which illustrates definition of the surface angle with respect to the direction of rotation of the
polygonal-section developer feed roller;
Fig. 7 is a graph illustrative of the amounts of developer conveyed by the polygonal-section developer feed roller
and a circular-section developer feed roller;
Fig. 8 is a graph illustrative of the torque of the polygonal-section developer feed roller and the circular-section
developer feed roller;
Fig. 9 is a graph illustrative of the difference in the amount of conveyed developer between the polygonal-section
developer feed roller and a developer feed roller with irregularities formed thereon;
Fig. 10 is a graph illustrative of the relationship between the constant "k" and occurrence of back ground of devel-
oper by the developer feed roller;
Fig. 11 is a graph illustrative of the relationship between the distance of the developer feed roller from the facing
inner wall surface, and the developer density;
Fig. 12 is a graph illustrative of the relationship between electrification series of materials for the developer feed
roller, and the area ratio of skipped portions to an intented solid black print;
Fig. 13 is a graph illustrative of the relationship between the distance of the developer feed roller from the developing
roller, and the area ratio of skipped portions to an intented solid black print;
Fig. 14 is a graph illustrative of the relationship between the difference in applied voltages between the developer
feed roller and the developing roller, and the amount of charge of developer;
Fig. 15 is a graph illustrative of the relationship between the amount of charge of developer and the number of
developer particles in cases where the developer feed roller has an irregular or mirror-smooth surface;
Fig. 16 is a graph illustrative of the relationship between the ten-point mean surface roughness RZ of the facing
inner wall surface and the variation in the amount of charge of developer;



EP 0 715 226 B1

5

10

15

20

25

30

35

40

45

50

55

11

Fig. 17 is a graph illustrative of the amount of charge of developer in cases where a CCA is incorporated in the
opposing inner wall surface;
Fig. 18A is a view illustrative of a developer cartridge for color printers which has a scrubbing member on a de-
veloping roller, and Fig. 18B is a view illustrative of the structure of the scrubbing member;
Fig. 19 shows the distance ∆E between pure yellow developer and the outputted sample on a gum chart, in cases
where the developing roller of a color printer is rotated and not rotated;
Fig. 20 is a graph illustrative of the relationship between the amount of charge of developer and the developer
number ratio in cases where the developer-layer thickness control member of the developing cartridge is a con-
ductor and an insulator;
Fig. 21 is a graph illustrative of the relationship between the amount of charge of developer and the developer
number ratio in cases where the developer-layer thickness control member has and does not have an irregular
surface;
Fig. 22 is a structural schematic view of an entire developer cartridge for printers in accordance with the present
invention;
Figs. 23A and 23B are views of the developer cartridge equipped with a developer-applying member made of a
rigid material, wherein Fig. 23A is a structural schematic view of the entire developer cartridge, and Fig. 23B is an
enlarged view of the main portion which illustrates the relationship between the developer-applying member and
the developing roller;
Figs. 24A and 24B are views of the developer cartridge equipped with a developer-applying member made of an
elastic material, wherein Fig. 24A is a structural schematic view of the entire developer cartridge, and Fig. 24B is
an enlarged view of the main portion which illustrates the relationship between the developer-applying member
and the developing roller;
Fig. 25 is a graph illustrative of the relationship between the pressure of the developer-applying member, the torque
of the developing roller and the BG in the developer cartridge;
Fig. 26 is a structural schematic view of the entire developer cartridge equipped with an L-section developer-
applying member, with the corner in contact with the developing roller under pressure;
Figs. 27A and 27B are views of the developer cartridge equipped with a U-section developer-applying member,
with the corner in contact with the developing roller under pressure, wherein Fig. 27A is a structural schematic
view of the entirety, and Fig. 27B is an enlarged perspective view of the main portion;
Figs. 28A and 28B are views of the developer cartridge equipped with a developer-applying member made of a
thick, elastic material, wherein Fig. 28A is an entire structural schematic view of the developer cartridge, and Fig.
28B is an enlarged view of the main portion which illustrates the relationship between the developer-applying
member and the developing roller;
Figs. 29A and 29B are views of the developer cartridge equipped with two layers of sheet-like developer-applying
members, wherein Fig. 29A is a structural schematic view of the entire developing cartridge, and Fig. 29B is an
enlarged view of the main portion which illustrates the relationship between the developer-applying member and
the developing roller;
Fig. 30 is a graph illustrative of the relationship between the time of rotation of the developing roller and the amount
of deformation of the developer-applying member in the developer cartridge;
Figs. 31A and 31B are views of the state of a contact member attached to the distal end of the developer-applying
member in the developer cartridge, wherein Fig. 31A is a structural schematic view of the entire developer cartridge,
and Fig. 31B is an enlarged view of the main portion which illustrates the relationship between the developer-
applying member and the developing roller;
Figs. 32A and 32B are views of a bristle-tipped developer-applying member in the developer cartridge, wherein
Fig. 32A is a structural schematic view of the entire developer cartridge, and Fig. 32B is an enlarged view of the
main portion which illustrates the relationship between the developer-applying member and the developing roller;
Fig. 33 is a structural schematic view of the entire developer cartridge, wherein the developer-applying member
is formed of a conductive material, and a bias voltage is applied thereto;
Figs. 34A through 34C are views of a hole or slit formed in the developer-applying member in the developer car-
tridge, wherein Fig. 34A is a structural schematic view of the entire developer cartridge, Fig. 34B is an enlarged
view of the main portion which illustrates the slit state of the developer-applying member, and Fig. 34C is an
enlarged view of the main portion which illustrates the state of the developer-applying member provided with a
valve body for the hole or slit;
Figs. 35A and 35B are views of a spring-biased state of the developer-applying member in the developer cartridge,
wherein Fig. 35A is a structural schematic view of the entire developer cartridge, and Fig. 35B is an enlarged view
of the main portion which illustrates the relationship between the developer-applying member and the developing
roller;
Fig. 36 is a graph illustrative of the relationship between the rotation of the developing roller and the amount of
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charge of developer in cases where a CCA is and is not incorporated in the developer-applying member in the
developer cartridge;
Fig. 37 is a graph illustrative of the relationship between the rotation of the developing roller and the amount of
charge of developer in cases where a silicone coat is and is not applied to the developer-applying member in the
developer cartridge;
Figs. 38A through 38C are views of a sandblasted state of the developer-applying member in the developer car-
tridge, wherein Fig. 38A is a structural schematic view of the entire developer cartridge, Fig. 38B is an enlarged
view of the main portion of the developer-applying member, and Fig. 38C is a view of the main portion which
illustrates the relationship between the developer-applying member and the developing roller;
Fig. 39 is a side view of a ribbed holder of the developer cartridge;
Fig. 40 is a front view of a ribbed holder of the developer cartridge;
Fig. 41 is a graph illustrative of the relationship between the amount of developer on the developing roller and the
position on the developing roller along the longitudinal direction in cases where the holder of the developer cartridge
is ribbed and where the holder is not ribbed;
Fig. 42 is a structural schematic view of another entire developer cartridge for printers in accordance with the
present invention;
Figs. 43A and 43B are views of the developer cartridge holder with a developer-applying member and a scrubbing
member mounted thereon, wherein Fig. 43A is a side view of the main portion, and Fig. 43B is a front view of the
main portion;
Fig. 44 is a graph illustrative of the relationship between the position at which a developer agitation roller scrubs
developer and the amount of scrubbed developer in cases where the scrubbing member is made of polyurethane
foam and PET, and there is a difference of 1 mm, due to variation in size, in the amount of penetration between
the right and left positions.
Fig. 45 is a view illustrative of the state of developer being conveyed in the developer cartridge with the developer-
applying member and the scrubbing member mounted therein;
Figs. 46A and 46B are views illustrative of the relationship between the size of cells and the amount of scrubbed
developer in cases where the scrubbing member is made of polyurethane foam, wherein Fig. 46A shows the
amount of scrubbed developer in cases where the cells are large, and Fig. 46B shows the amount of scrubbed
developer in cases where the cells are small;
Fig. 47 is a graph illustrative of the relationship between the number of cells per unit distance and the amount of
scrubbed developer in cases where the scrubbing member is made of polyurethane foam;
Fig. 48 is a view illustrative of the angle of contact of the scrubbing member with respect to the developer feed roller;
Fig. 49 is a graph illustrative of the relationship between the angle of contact of the scrubbing member with respect
to the developer feed roller and the amount of scrubbed developer;
Fig. 50 is an enlarged view of the main portion which illustrates the position of contact of the scrubbing member,
deflected by 2 mm with respect to the developer feed roller;
Fig. 51 is an enlarged view of the main portion which illustrates the position of contact of the scrubbing member,
not deflected with respect to the developer feed roller;
Fig. 52 is an enlarged view of the main portion in cases where the position of contact of the scrubbing member is
not deflected with respect to the developer feed roller, and an additional conveying roller is provided;
Fig. 53 is a graph illustrative of the relationship between the position of contact of the scrubbing member with
respect to the developer feed roller and the amount of scrubbed developer;
Fig. 54 is a view illustrative of the state of the scrubbing member penetrating in the developer feed roller;
Fig. 55 is a graph illustrative of the relationship between the amount of penetration of the scrubbing member in
the developer feed roller, the amount of scrubbed developer and the torque;
Fig. 56 is a graph illustrative of the relationship between the density of polyurethane and the torque in cases where
polyurethane comprising the scrubbing member is ester-derived and where polyurethane is ether-derived.
Fig. 57 is a structural schematic view of the entire developer cartridge equipped with a scrubbing member, wherein
separate voltages are applied to the developing roller and the developer feed roller;
Fig. 58 is a structural schematic view of the entire developer cartridge equipped with a scrubbing member made
of an elastic body composed of a resin material such as PET;
Fig. 59 is a structural schematic view of an entire developer cartridge equipped with a scrubbing member made
of an elastic body consisting of a combination of materials with greater and smaller elastic forces;
Figs. 60A and 60B are views of the scrubbing member with a through-hole formed therein, wherein 60A is an
enlarged view of a rectangular-section scrubbing member made of rubber, and Fig. 60B is an enlarged view of the
scrubbing member shaped as a sheet with a resin material;
Fig. 61 is a graph illustrative of the change in the amount of conveyed developer due to the difference in flowability
of developer;
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Fig. 62 is a graph illustrative of the change in density of images printed with the developer cartridge (solid portions
were measured) as the ratio between the amount of developer conveyed by the developer agitation roller and the
amount of developer conveyed by the developer feed roller;
Fig. 63 is a graph illustrative of the change in the difference in density between the front ends and the rear ends
of images solid-printed with the developer cartridge, which is determined by the relationship between the amount
of developer conveyed per rotation of the developer agitation roller, the amount of developer conveyed per rotation
of the developer feed roller and the rotational ratio;
Figs. 64A and 64B are views of the developer cartridge which has the developer agitation roller provided with a
blading material, wherein Fig. 64A is a structural schematic view, and Fig. 64B is an enlarged perspective view of
the main portion;
Figs. 65A and 65B are views of the developer cartridge which has the developer agitation roller provided with a
recovery blade for recovering developer residing upward from the developer-layer thickness control member into
a developer tank, wherein Fig. 65A is an entire structural schematic view, and Fig. 65B is an enlarged perspective
view of the main portion;
Figs. 66A through 66C are views of the developer cartridge which is equipped with a recovery blade provided
separately from the developer agitation roller to recover developer residing upward from the developer-layer thick-
ness control member into a developer tank in a manner interlocked with the developer agitation roller, wherein Fig.
66A is an entire structural schematic view, Fig. 66B is an enlarged perspective view of the main portion, and Fig.
66C is a view illustrative of the operation;
Fig. 67 is a structural schematic view of another entire developer cartridge for printers in accordance with the
present invention, with a developer-applying member and a scrubbing member integrally provided in the form of
an arc projecting toward the developing roller;
Fig. 68 is a graph illustrative of the relationship between the spacing between the developer-applying member and
the developing roller, and the amount of charge of developer downward from the developer-layer thickness control
member;
Fig. 69 is a graph illustrative of the relationship between the spacing between the developer-applying member and
the developing roller, and the amount of preliminary charge of developer;
Fig. 70 is a graph illustrative of the relationship between the surface roughness of the developer-applying member
and the amount of preliminary charge of developer;
Fig. 71 is an enlarged view of the main portion which illustrates the state of developer on the developer-applying
member which has an increased surface roughness;
Figs. 72A and 72B are views illustrative of the angle of contact of the developer-applying member with respect to
the developer-layer thickness control member in the developer cartridge, wherein Fig. 72A is a view of the move-
ment of developer in cases where the developer-layer thickness control member is in contact with the developing
roller at a right or acute angle, and Fig. 72B is a view of the movement of developer in cases where the developer-
layer thickness control member is in contact with the developing roller at an obtuse angle;
Fig. 73 is a structural schematic view of a replaceable section of contact of the developer-layer thickness control
member with the developer roller in the developer cartridge;
Fig. 74 is a graph illustrative of the relationship between the surface roughness of the developer-layer thickness
control member and the amount of charge of developer;
Fig. 75 is a graph illustrative of the relationship between the spacing between the developer feed roller and the
opposing inner wall face, and the developer packing fraction of a developer-supplying chamber in the developer
cartridge;
Fig. 76 is a graph illustrative of the relationship between the surface roughness of the facing inner wall face and
the amount of preliminary charge of developer in the developer cartridge;
Fig. 77 is a graph illustrative of the relationship between the developer conveyance ratio between the developer
agitation roller and the developer feed roller in the developer cartridge, and the print rate ;
Fig. 78 is a view illustrative of how the amount of developer conveyed by the developer feed roller in the developer
cartridge is calculated;
Fig. 79 is a graph illustrative of the relationship between the developer conveyance ratio between the developer
feed roller and the developing roller in the developer cartridge, and the print rate;
Figs. 80A and 80B are views illustrative of a developer-applying member with slits or holes formed therein, wherein
Fig. 80A is a perspective view illustrative of the formation of slits, and Fig. 80B is a perspective view illustrative of
the formation of holes;
Fig. 81 is a graph illustrative of the relationship between the idle running time and the torque of the developing
roller for various numbers of slits in cases where the developer-applying member has slits;
Fig. 82 is a structural schematic view of another entire developer cartridge for printers in accordance with the
invention, with a developer-applying member provided in the form of an arc projecting toward the developing roller
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and provided with a separately provided scrubbing member;
Fig. 83 is a structural schematic view illustrative of the entire developer cartridge, with the scrubbing member made
of a sponge in contact with the comer of the developer feed roller;
Fig. 84 is a structural schematic view illustrative of an entire developer cartridge, not in itself an embodiment of
the invention wherein the developer-applying member is formed of a rigid metal, and the scrubbing member is
formed of PET;
Figs. 85A and 85B are views illustrative of the Fig. 84 developer cartridge so modified as to form an embodiment
of the invention by being equipped with a developer-applying member holed and provided with a valve body for
the hole, wherein Fig. 85A is an entire structural schematic view, and Fig. 85B is an enlarged view of the main
portion;
Fig. 86 is an entire structural schematic view of a developer cartridge not in itself an embodiment of the invention,
equipped with the developer-applying member formed as an extension of a cartridge cover;
Fig. 87 is a structural schematic view of the Fig. 86 developer cartridge so modified as to form an embodiment of
the invention by being equipped with a holed developer-applying member;
Fig. 88 is a structural schematic view of the entire developer cartridge equipped with the holed developer-applying
member shown in Fig. 87 which has a valve body for the hole;
Fig. 89 is a structural schematic view of the entire developer cartridge equipped with the developer-applying mem-
ber formed as an extension of a cartridge cover and with the scrubbing member which has a tip made of sponge;
Fig. 90 is a structural schematic view of an entire developer cartridge, not in itself an embodiment of the invention,
wherein the developer-applying member is formed as an extension of a cartridge cover and may be adapted so
as to limit developer pressure, and bias voltages are applied across the developer feed roller and the developing
roller;
Fig. 91 is a structural schematic view of another entire developer cartridge for printers in accordance with the
present invention;
Fig. 92 is a perspective view of the developer-applying member and the scrubbing member which illustrates the
formation of one hole in the developer-applying member in the developer cartridge;
Figs. 93A and 93B are views illustrative of the formation of a plurality of holes in the developer-applying member
in the developer cartridge, wherein Fig. 93A is a perspective view of the developer-applying member and the
scrubbing member, and Fig. 93B is a section view taken on line X-X in Fig. 93A;
Figs. 94A and 94B are views illustrative of ribs formed in the developer-applying member in the developer cartridge,
wherein Fig. 94A is a section view of V-section ribs, and Fig. 94B is a section view of U-section ribs;
Fig. 95 is a front view of the developer-applying member which illustrates the formation of inclined ribs in the
developer-applying member;
Figs. 96A, 96B and 96C are views of V-section and U-section, inclined ribs formed in the developer-applying
member, wherein Fig. 96A is a front view of the developer-applying member, Fig. 96B is a section view of the V-
section rib taken on line Y-Y in Fig. 96A, and Fig. 96C is a section view of the U-section rib taken on line Y-Y in
Fig. 96A;
Fig. 97 is a graph showing the developer pressure on the developing roller in cases where the ribs of the developer-
applying member have tetragonal sections;
Fig. 98 is a graph showing the developer pressure on the developing roller in cases where the ribs of the developer-
applying member have V- or U-sections;
Figs. 99A and 99B are views illustrative of the formation of one valve body for the holes of the developer-applying
member, wherein Fig. 99A is a perspective view, and Fig. 99B is a side view;
Fig. 100 is a perspective view illustrative,of the formation of a valve body for each of the plurality of holes in the
developer-applying member;
Fig. 101 is a structural schematic view of another entire developer cartridge for printers in accordance with the
present invention;
Fig. 102 is an entire structural schematic view illustrative of a not-yet-used, state of the developer cartridge, with
the developer-applying member extending to the wall surface of the cartridge body;
Fig. 103 is a perspective view of the developer-applying member;
Fig. 104 is a structural schematic view illustrative of the entire developer cartridge which particularly shows a guide
member formed on the side wall of the developer cartridge;
Fig. 105 is an entire structural schematic view illustrative of the developer cartridge in a usable state after upward
movement of the developer-applying member;
Fig. 106 is a section view illustrative of the vicinity of the developer agitation roller in the developer cartridge;
Fig. 107 is a view illustrative of how the developer cartridge is mounted;
Fig. 108 is a section view of a hand-operated rotation lever which initiates rotation of the developer agitation roller;
Fig. 109 is a front view illustrative of another embodiment with inclined ribs formed in an opening of the developer-
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applying member;
Fig. 110 is a section view illustrative of another embodiment of the developing device of the present invention;
Fig. 111 is a front view illustrative of one of the mechanisms for pressing a control roller of a developing device in
accordance with the present invention, on a developing roller for control of the amount of applied developer;
Fig. 112 is a section view of an entire system with a developing device in accordance with the present invention
mounted in a laser-beam printer serving as an image forming apparatus;
Fig. 113 is a section view illustrative of another embodiment of the developing device in accordance with the present
invention;
Fig. 114 is a structural schematic view illustrative of a developer cartridge of the prior art;
Fig. 115 is a section view illustrative of a developer feed roller having a recessed surface, mounted in a prior art
developer cartridge;
Fig. 116 is a structural schematic view illustrative of a sponge-coated, developer feed roller mounted in a prior art
developer cartridge;
Fig. 117 is a structural schematic view illustrative of a developer feed roller with bristles formed thereon, mounted
in a prior art developer cartridge;
Fig. 118 is a structural schematic view illustrative of another developer cartridge of the prior art which has a circular-
section developer feed roller; and
Figs. 119A and 119B are structural schematic views of an additional developer cartridge of the prior art which is
equipped with a developer leakage-preventing device, wherein Fig. 119A is a structural schematic view of a virgin
state thereof, and Fig. 119B is a structural schematic view of a usable state thereof.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0105] Now referring to the drawings, preferred embodiments of the invention are described below.

Example 1

[0106] A background example will be explained below with reference to Fig. 1 through Fig. 21.
[0107] As shown in Fig. 2, a laser-beam printing apparatus as the image forming apparatus according to the present
example (hereunder referred to simply as "printer") is equipped with a sheet feed tray 2 for inserting sheet-like recording
paper (not shown) into a main body 1 at its side. A sheet feed roller 3 is provided at the sheet feed front side or the
lower end side of the sheet feed tray 2, and a roughly horizontal sheet conveyer passage 4 is provided at the sheet
feed front side of the sheet feed roller 3. Placed at almost the center of the sheet conveyer passage 4 are a drum
cartridge 5 comprising a photoconductor drum 5a, and a transfer roller 6.
[0108] Also, provided at the sheet feed front side of the transfer roller 6 is a fixation unit 7 having a fixation roller 7a.
A U-turn guide 8 for ejecting the recording paper upward is provided at the sheet feed front side of the fixation unit 7
in such a manner that the recording paper is ejected onto the front cover 9 of the main body 1 along the U-turn guide 8.
[0109] On the other hand, a developer cartridge 20 is provided above the drum cartridge 5 as the developing device
to supply developer 24 to the surface of the photoconductor drum 5a, while an optical unit 10 for irradiating the pho-
toconductor drum 5a with light is provided above the developer cartridge 20.
[0110] The optical unit 10 has a semiconductor laser device 10a, reflecting mirrors 10b and 10b, a polygonal mirror
10c, etc., which are all built-in, and light emitted from the optical unit 10 strikes the surface of the photoconductor drum
5a to expose the photoconductor drum 5a to light, thereby forming a given electrostatic latent image on the surface of
the photoconductor drum 5a.
[0111] This electrostatic latent image formed on the photoconductor drum 5a is developed by the developer 24 which
is supplied by the developer cartridge 20, and the resulting developer image is advanced clockwise toward the section
of contact between the photoconductor drum 5a and the transfer roller 6.
[0112] In synchronization with this, recording paper is supplied from the sheet feed tray 2 via the sheet feed roller
3, and this recording paper is conveyed along the sheet conveyer passage 4 to the transfer region or the section of
contact between the photoconductor drum 5a and the transfer roller 6.
[0113] While the recording paper passes through this region, the developer image formed on the surface of the
photoconductor drum 5a is transferred onto the recording paper due to the potential difference between its charge and
the charge on the surface of the recording paper.
[0114] Subsequently, the recording paper is conveyed to the fixation unit 7 with the fixation roller 7a and subjected
to heating and pressing in the fixation unit 7. Here, the developer 24 on the recording paper is fusion-bonded onto the
recording paper by heat and pressure from the fixation roller 7a. The recording paper, which has left the fixation unit
7, is then guided upward along the U-turn guide 8 and ejected onto the front cover 9 of the apparatus body 1.
[0115] As shown in Fig. 1, the cartridge body 21 of the developer cartridge 20 of the laser-beam printing apparatus
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of the present example has a developing roller 22, a developer feed roller 23 as the developer feed roller and a developer
agitation roller 26 as the developer agitation roller, etc., which are all provided in a developer tank 49. The developing
roller 22, the developer feed roller 23 and the developer agitation roller 26 are designed to be rotated by driving gears
(not shown) in the respective directions indicated by the arrows, with the respective shaft sections (not shown) sup-
ported on the bearings provided on the cartridge body 21.
[0116] In addition, the developer cartridge 20 is provided with a developer-layer thickness control member 27 which
controls the thickness of the layer of developer 24 which is the developer deposited on the surface of the developing
roller 22, a spring 28, an upper sealing material 29, a lower sealing material 30, a cartridge cover 31, etc. The spring
28 biases the developer-layer thickness control member 27 so that the member 27 is brought into contact with and
pressed against the developing roller 22. Also, the upper sealing material 29 is composed of an elastic member such
as a sponge and is placed between the cartridge cover 31 and the developer-layer thickness control member 27 so
as to prevent leakage of the developer 24 through the side, while the lower sealing material 30 is placed in contact
with the developing roller 22 in order to prevent leakage of the developer 24 through the bottom of the developing roller
22.
[0117] The inside of the developer cartridge 20 constructed as mentioned above is designed so that the developer
24 in the developer tank 49 is conveyed toward the developer feed roller 23 by the developer agitation roller 26 and
then toward the developing roller 22 after passing between the developer feed roller 23 and the section of the inner
wall surface 21a of the cartridge body 21 which faces the roller 23 (hereunder referred to as "opposing inner wall
surface"), and then deposited on the developing roller 22, adjusted to an even thickness by the developer-layer thick-
ness control member 27 and finally deposited on the photoconductor drum 5a to develop the electrostatic latent image
on the photoconductor drum 5a.
[0118] The developer cartridge 20 is a removable type; in order to install the developer cartridge 20, as shown by
the alternate long and short dash line in Fig. 3, two ends of the shaft section 22a of the developing roller 22 of the
developer cartridge 20 are inserted from above into the guide groove 35 formed in the apparatus body 1, and then the
developer cartridge 20 is rotated in the direction of the arrow A. With this configuration, a recess section 20a formed
at the top of the developer cartridge 20 is engaged with a drum-pressing spring 36 which biases the developer cartridge
20 toward the photoconductor drum 5a. This brings the developing roller 22 into contact with the photoconductor drum
5a.
[0119] Details of the developer cartridge 20 will now be explained.
[0120] In cases where a non-magnetic, one-component type developer is used, the developing roller 22 is in contact
with the photoconductor drum 5a at a given nip, and is formed of polyurethane rubber having a volume resistance of,
for example, 1 x 108 Ωcm. In this connection, since the developing roller 22 and the photoconductor drum 5a are
brought into contact with each other with the given nip, preferably the raw material of the developing roller 22 is selected
from rubber materials having electrical conductivity and elasticity. For example, urethane rubber, silicon rubber, and
rubber of the NBR (Nitrile-Butadiene Rubber) family may be used.
[0121] The developing roller 22 is preferred to have an Asker C hardness of 50-90, while the volume resistance is
preferred to be 104-108 Ωcm; 106-107 Ωcm provides the developing roller 22 with the best characteristics. Here, the
Asker C is a standard for hardness specified by the Japanese Rubber Association, representing hardness based on
the depth (indentation depth) into a specimen by a hardness measuring needle having a spherical tip in a specimen
when the needle is pressed against the surface of the specimen by a spring until a balance is achieved between the
resistance of the specimen and the force of the spring. According to the Asker C standard, a hardness of "0" is assigned
to a specimen in cases where the indentation depth of the needle observed when a load of 55 g is imposed on the
spring is equal to the greatest displacement of the needle, and a hardness of "100" is assigned to a specimen in cases
where the indentation depth of the needle observed when a load of 855 g is imposed on the spring is zero.
[0122] Provided near the developing roller 22 and in non-contact therewith is the developer feed roller 23 which is
the developer feed roller for conveying and supplying the developing developer 24 to the developing roller 22. The
developer 24 is non-magnetic developer composed of a styrene-acrylic or polyester resin.
[0123] The developer feed roller 23 is a regular polygonal prism. Preferably the regular polygonal prism has, for
example, a cross section bounded by three to eight line segments from the point of view of the amount of conveyance;
a regular hexagonal prism is used in the present example.
[0124] More specifically, as shown in Fig. 4, the developer 24 is conveyed along the side surface of the regular
polygonal prism-shaped developer feed roller 23. Here, the amount of the developer to be conveyed by the developer
feed roller 23 is calculated as the difference in volume between the cylinder circumscribing the regular polygonal prism
and the regular polygonal prism. Based on this calculation method, the amount of the developer to be conveyed on
respective regular polygonal prisms having a cross section bounded by three or more line segments is shown in Fig.
5. Plotted along the Y-axis in Fig. 5 is the amount of the developer conveyed per minute. A one-minute measurement
was repeated five times, and the amount of the conveyed developer is taken from an average of five data for 5 minutes.
[0125] The relationship shown in Fig. 5 reveals that the regular polygonal prism is preferred to have a regular cross
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section bounded by three to eight line segments from the point of view of the conveyed amount. This is because the
developer 24 experiences a force perpendicular to the surface of the regular polygon, and thus, in cases where the
surface angle θ with respect to the direction of rotation shown in Fig. 6 is excessively small, the component in the
direction of rotation of the force pushing the developer 24 outward becomes too small to convey the developer 24 along
the direction of rotation, thus impairing the conveying capacity. Since the surface angle with respect to the direction of
rotation is 60° for a regular triangular prism and 22.5° for a regular octagonal prism, desired amounts of conveyance
may be established by controlling the surface angle with respect to the direction of rotation within a range of 22.5°
-60°. Furthermore, since regular triangular prisms or regular tetragonal prisms provide uneven amounts of conveyance,
a regular pentagonal prism or a regular octagonal prism is preferred for consistent conveyance of the developer 24.
[0126] Combinations of values designed for the developing roller 22 and the developer feed roller 23 for consistent
conveyance of the developer 24 will now be exemplified: In a first instance where a non-magnetic, one-component
type developer is used with a developing roller 22, the diameter set to 20 mm and the peripheral speed set to 25 mm/
sec, and with the photoconductor drum 5a in contact with the developing roller 22 under pressure with a 0.15 mm nip,
it is possible to shape the developer feed roller 23 as a regular heptagonal prism and to set the diameter of the circle
circumscribing the prism to 15 mm and the peripheral speed to 40 mm/sec.
[0127] In a second instance where a non-magnetic, one-component type developer is used with a developing roller
22 made of electrically conductive urethane rubber, the diameter set to 20mm and the peripheral speed set to 45 mm/
sec, and with the photoconductor drum 5a in contact with the developing roller 22 under pressure with a 0.2 mm nip,
it is possible to shape the developer feed roller 23 as a regular tetragonal prism and to set the diameter of the circle
circumscribing the prism to 10 mm and the peripheral speed to 25 mm/sec.
[0128] In a third instance where a non-magnetic, one-component type developer is used with a developing roller 22
made of electrically conductive EPDM (Ethylene Propylene Diene Methylene) rubber, the diameter set to 15 mm and
the peripheral speed set to 45 mm/sec, and with the photoconductor drum 5a in contact with the developing roller 22
under pressure with a 0.2 mm nip, it is possible to shape the developer feed roller 23 as a regular hexagonal prism
and to set the diameter of the circle circumscribing the prism to 12 mm and the peripheral speed to 50 mm/sec.
[0129] In a fourth instance where a non-magnetic, one-component type developer is used with a developing roller
22 made of magnet-containing aluminum, the diameter set to 20 mm and the peripheral speed set to 50 mm/sec, and
with a gap of 200 µm provided between the photoconductor drum 5a having a photoconductive selenium layer and the
developing roller 22, it is possible to shape the developer feed roller 23 as a regular heptagonal prism and to set the
diameter of the circle circumscribing the prism to 15 mm and the peripheral speed to 40 mm/sec.
[0130] The amount of conveyance in cases where the developer feed roller 23 is a hexagonal prism will now be
analyzed in comparison with the performance of a cylindrical developer feed roller and a developer feed roller with
irregularities formed thereon, both of the prior art. As shown in Fig. 7, the result is that the regular hexagonal developer
feed roller 23 conveys the developer 24 in a greater amount than' the cylindrical developer feed roller and more con-
sistently than the developer feed roller with irregularities formed thereon. It has also been revealed that the amount of
conveyance is insufficient in cases where the developer feed roller with irregularities formed thereon is not equipped
with a scrubbing member, but a sufficient amount is conveyed by the regular hexagonal prism-shaped developer feed
roller 23.
[0131] The data shown in Fig. 7 is for a case where the developer feed roller 23 is a regular hexagonal prism with
an outermost diameter of 10 mm, and the cylindrical developer feed roller has a 10 mm diameter of the circle circum-
scribing the prism. In addition, the developer feed roller with irregularities formed thereon is a regular hexagonal prism
with an outermost diameter of 10 mm and provided with six grooves each 2 mm wide and 1 mm deep, arranged along
its transverse direction.
[0132] The rotation speed was 10 rpm in all cases. Regarding the developer feed roller with irregularities formed
thereon, an analysis was carried out to collect data on the influence of the presence or absence of a scrubbing member.
The amount of conveyance was determined by measuring the amount of the developer 24 which fell in the space for
mounting the developing roller 22, but was emptied by removal thereof.
[0133] Subsequently, an investigation was also made of change in driving torques of developer feed rollers of the
types described above. Conditions for the rollers, etc. are the same as in Fig. 7. As a result, as shown in Fig. 8, it has
been revealed that the regular hexagonal prism-shaped developer feed roller with irregularities formed thereon and
provided with a scrubbing member undergoes great change in torque, whereas the torque of the regular hexagonal
prism-shaped developer feed roller 23 is constant.
[0134] Subsequently, a change in the amount of conveyance was investigated for a change of +- 1 mm in length of
the scrubbing member with respect to that of the regular hexagonal prism-shaped developer feed roller with irregular-
ities formed thereon. The results are shown in Fig. 9. Plotted along the Y-axis are absolute values of the differences
between the amount of conveyance "a" for the longer scrubbing member and the amount of conveyance "b" for the
shorter scrubbing member |a - b|, and times in seconds are plotted along the X-axis. Therefore, greater absolute values
|a - b| reflect the need to use higher precision scrubbing members. As a result, it has been found that the performance
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of the regular hexagonal prism-shaped developer feed roller with irregularities formed thereon is greatly influenced by
the length of the scrubbing member, whereas the length of the scrubbing member has hardly any effect on the per-
formance of the regular hexagonal prism-shaped developer feed roller 23.
[0135] On the other hand, an investigation of the relationship between the amount of developer conveyed by the
developer feed roller 23 and the amount of developer consumed by the developing roller 22 suggests that the amount
of developer Vs conveyed by the developer feed roller 23 per unit time may be expressed by the equation:

(St : developer conveyance area, Rt : number of rotations, Lt : roller length)
while the amount of developer Vd consumed by the developing roller 22 per unit time may be expressed by the equation:

(Sd : developer conveyance area, Rd : number of rotations, Ld : roller length).
[0136] Accordingly, in order to make the amount of the developer fed to the developing roller 22 more consistent, at
least the relationship: Vs ^ Vd, and more specifically St x Lt x Rt ^ Sd x Ld x Rd, must be satisfied. Since the rollers 22
and 23 have the same lengths Ld and Lt, the above-mentioned implies that all that is needed is to satisfy the relationship:
St x Rt ^ Sd x Rd, that is, (St x Rt)/(Sd x Rd) ^ 1. In other words, representing the left side of the inequality by a constant
k, k must be 1 or more.
[0137] The relation between the constant k and the occurrence of back ground of developer is shown in Fig. 10.
According to Fig. 10, it is apparent that the constant k is preferred to be 20 or less. This means that as the constant k
increases the amount of conveyance by the developer feed roller 23 increases too much to be controlled by the de-
veloper-layer thickness control member 27, and as a result a greater amount of the developer 24 is deposited than
normal after passage of the developer-layer thickness control member 27, thus causing back ground of developer on
the printed image. Conversely, in cases where the constant k is less than 1, the amount of consumption by the devel-
oping roller 22 exceeds the amount of conveyance, and thus solid printing cannot be accomplished. For the foregoing
reasons, the relationship: 1 % k % 20 must be satisfied.
[0138] Discussion will now center on the distance U, as shown in Fig. 1, between the developer feed roller 23 and
the facing inner wall surface 21a of the developer cartridge 20.
[0139] The relation between the distance U and the developer density is shown in Fig. 11. According to Fig. 11, it is
apparent that a greater distance U results in a smaller developer density. In addition, by comparing performances in
the cases where the developer 24 was used immediately after being packed into the developer tank 49 (indicated by
solid circles) with performances in the cases where the developer 24 was used after being allowed to stand for a while
in the developing tank 49 (indicated by circles), it is apparent that the smaller the distance U is, the more effectively
the change in developer density due to the standing may be prevented to stabilize the k value described above. This
apparently teaches that a smaller distance U results in provision of more stable image quality. In other words, the
smaller the distance U is, a greater amount of the developer 24 may be packed around the polygonal prism-shaped
developer feed roller 23, thus resulting in increase and stability of the developer density. The results shown in Fig. 11
suggest that the distance U has an optimum range of 0 < U % 2 mm.
[0140] On the other hand, the developer feed roller 23 is composed of, for example, aluminum or glass fiber which
is located far from the negatively charged developer 24 in the electrification series. More specifically, in the present
example, the developer 24 is composed of a styrene-acrylic resin as described above and thus is negatively charged.
Here, in cases where the developer feed roller 23 is also composed of a material which is of a rank in the electrification
series which tends to be negatively charged, the developer 24 has a lower tendency to be charged, and thus fails to
accomplish charging in advance, or frictional electrification. In other words, as shown in Fig. 12, the developer 24 has
a greater tendency to be charged negatively when the material composing the developer feed roller 23 ranks higher
toward the + side of the electrification series. As a result, the area ratio of skipped or unprinted portions to the total
intented solid black print (skipped area/total intented solid black print area) becomes smaller. In addition, the developer
24 causes back ground of developer when it is positively charged. Accordingly, when subjected to frictional electrifi-
cation with a member which ranks higher than the negatively charged developer 24 toward the + side of the electrifi-
cation series, the developer 24 is negatively charged to such a degree as to provide good image quality free from
overfed developer.
[0141] Although aluminum or the like is used for the developer feed roller 23 in the present example, the present
invention is not limited to the use thereof. For example, since the polarity of the developer feed roller 23 may be made
opposite to the charged polarity of the developer 24 by adding a CCA (Charge Control Agent) to the material of the

Vs = St x Lt x Rt

Vd = Sd x Ld x Rd
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developer feed roller 23, it is possible to select a low-cost, easy-to-work material. As an example, mixing of at least
2% of a quaternary ammonium salt, which is a CCA charged more positively than the charged polarity of the developer
24, in a Teflon resin allows the developer 24 to be negatively charged. Mixing of glass fiber or the like in another type
resin also produces the same effect as the above case of addition of a CCA.
[0142] The distance between the developer feed roller 23 and the developing roller 22 will now be analyzed.
[0143] Preferably the distance T between the developer feed roller 23 and the developing roller 22 is on the order
of from 0.5 mm to 2 mm. That is, as shown in Fig. 13, the smaller the distance T between the developer feed roller 23
and the developing roller 22, the more developer is charged, and thus the less area is skipped in solid printing. Here,
for collecting the data shown in Fig. 13, the developer feed roller 23 was composed of aluminum. In addition, the reason
why Fig. 13 does not include data on the performance of the case where the distance T between the developer feed
roller 23 and the developing roller 22 is less than 0.5 mm is that the torque increases too much to prevent their use in
that case.
[0144] In addition, a bias voltage of the same polarity as of the developer 24 is applied to the developer feed roller
23 in the present example. In this connection, the relation between the bias voltage applied to the developer feed roller
23 and the amount of charge of the developer 24 is shown in Fig. 14. As shown clearly in Fig. 14, as the absolute value
|(voltage applied to the developer feed roller 23) - (voltage applied to the developing roller 22)| increases, the amount
of charge of the developer 24 increases to accomplish solid printing in a consistent manner. This is because the de-
veloper 24 charged by injection of charge from the developer feed roller 23 is pressed against the developing roller 22
due to its potential difference from the developing roller 22 and increases the conveying capacity of the developing
roller 22.
[0145] In the present example, as shown in Fig. 1, the opposing inner wall surface 21a of the developer feed roller
23 has irregularities with a ten-point mean surface roughness RZ on the order of 10 µm, formed on the surface. Here,
the "ten-point mean surface roughness" is an expression of surface roughness of industrial products as specified by
the Japanese Industrial Standards, and is determined as follows. First, a site of a given length is selected for meas-
urement, and a cross section curve of the site is prepared. Then, a mean line for the cross section curve is prepared,
and first five maxima and first five minima of the curve with respect to the mean line are selected. Then, five values of
difference between the corresponding maxima and minima, such as between the first maximum and minimum, between
the second maximum and minimum, etc. are determined and the five values are averaged to determine the ten-point
mean surface roughness RZ.
[0146] An appropriate range of the RZ in connection with particle size of the developer is represented by the rela-
tionship: 1/2 x (developer mean particle size) % RZ % 10 x (developer mean particle size). In other words, by finishing
the facing inner wall surface 21a to an irregular surface rather than to a mirror-smooth surface, the developer 24 is
charged uniformly, thus providing overfed developer-free consistent images. This is because the irregularities on the
facing inner wall surface 21a serve to agitate the developer 24 to facilitate its charging, and the agitated developer 24
is brought into uniform contact with the developer feed roller 23.
[0147] Fig. 15 shows that the finishing of the opposing inner wall surface 21a to provide the irregularities contributes
to distribution of the sharply increased amount of charge of the developer 24. Accordingly, it is understood that the
finishing to provide the irregularities serves to charge the developer 24 uniformly. Here, it is to be noted that, as shown
in Fig. 16, the developer 24 exhibits a wide range of amounts of charge in cases where the ten-point mean surface
roughness RZ is small. This is because the developer 24 is stiffly caught on the facing inner wall surface 21a, and
therefore the developer 24 is charged by mutual contact, resulting in a greater amount of developer being charged to
the opposite polarity.
[0148] Here, in cases where the opposing inner wall surface 21a contains an azo-based CCA, as shown in Fig. 17,
the amount of charge increases by 0.5 µC/g in terms of Q/m (amount of charge per unit mass of developer), allowing
provision of solidly-printed uniform images free from overfed developer.
[0149] Although only the use of the monochromic developer cartridge 20 has been explained in the present example,
the present invention may also be applied to color printers equipped with a plurality of developer tanks 49. In the latter
case, rotation of the developer feed roller 23 neighboring the developing roller 22 may be suspended in cases where,
as shown in Fig. 18A, for example, the respective distances between the developing rollers 22 and the photoconductor
drum 5a are greater than the respective thicknesses of the developer layers on the developing rollers 22, and scrubbing
members 22a are provided to remove the developer 24 caught on the developing rollers 22.
[0150] In other words, suspension of rotation of a developer feed roller 23 results in stopping provision of the devel-
oper 24 to the associated developing roller 22. Here, rotation of only the developing roller 22 aids the scrubbing member
22a in contact with the developing roller 22 in scrubbing the developer 24 left on the developing roller 22. In this
connection, each scrubbing member 22a is provided with a passage 22b for returning the scrubbed developer 24 to
each developing tank 49, as shown in Fig. 18B.
[0151] Since differently colored developer 24 is developed in this way, any particular developer 24 in the course of
non-development cannot be deposited on the photoconductor drum 5a, thus reproducing pure colors. For example,
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as shown in Fig. 19, printing was accomplished in a more vivid single color of yellow, etc. in cases where the developing
roller 22 was suspended than in cases where the developing roller 22 was not suspended. Here, Fig. 19 shows the
result of comparison in performance between printing in yellow and printing in black, the color sample on the tenth
sheet of ten successive sheets printed in yellow being compared with pure yellow on a gum chart. The Y-axis represents
the distance ∆E between yellow developer substance and the outputted sample on the gum chart. Higher values of
∆E reflect higher degrees of mixing in the developer 24.
[0152] In the case of color printers, the bias voltage applied to the developer feed rollers 23 may be reversed in the
course of non-development. As a result, the developer 24 is so stiffly attracted by the developer feed roller 23 that it
cannot be conveyed, and therefore the developer 24 on the developing roller 22 runs out, thus allowing reproduction
of pure color.
[0153] Also, as shown in Fig. 1, a developer-layer thickness controller member 27 is provided above the developing
roller 22. This developer-layer thickness controller member 27 is pressed against the developing roller 22 by a spring 28.
[0154] In the present example, the charged state of the developer 24 is designed to be stable by using a conductor
as the developer-layer thickness controller member 27. More specifically, in cases where the regular polygonal prism-
shaped developer feed roller 23 is used, approximately 90% of the amount of charge of the developer 24 is accom-
plished by the developer-layer thickness controller member 27. Furthermore, the amount of charge of the developer
24 is influenced by the potential of the developer-layer thickness controller member 27. Accordingly, since the devel-
oper-layer thickness controller member 27 is formed of a conductor, the amount of charge becomes consistent in cases
where the regular polygonal prism-shaped developer feed roller 23 is used, resulting in image quality free of overfed
developer.
[0155] This is because, as shown in Fig. 20, the potential of the developer-layer thickness controller member 27
becomes uniform and stable immediately in cases where the developer-layer thickness control member 27 is a con-
ductor, whereas, in cases where the developer-layer thickness control member 27 is an insulator, the potential partially
increases due to the potential produced by friction with the developer 24 and remains without escaping, thus making
the charge unstable. Here, for measurement of the data shown in Fig. 20, aluminum was used as the material of the
conductive, developer-layer thickness controller member 27, while nylon was used as the material of the insulating,
developer-layer thickness controller member 27.
[0156] In cases where the developer-layer thickness controller member 27 is formed of an insulator, preferably a
material having excellent resistance to abrasion is selected. The material may be, for example, alumite-coated alumi-
num, surface-oxidized iron, ceramic, glass, etc.
[0157] In addition, the developer-layer thickness control member 27 has irregularities formed at the section of contact
with the developing roller 22. This construction results in uniform deposition of the developer 24 on the developer-layer
thickness control member 27 and consequently in uniform amount of charge of the developer 24 as shown in Fig. 21,
because the developer 24 is agitated when the developer 24 passes through the developer-layer thickness control
member 27. Here, it is designed so that developer 24 excessively charged by the developing roller 22 while being
agitated undergoes leakage of charge with the aid of the developer-layer thickness control member 27, whereas de-
veloper 24 not yet charged sufficiently is charged by the developer-layer thickness control member 27.
[0158] Since the developer feed roller 23 of the developing cartridge 20 of the printer of the present example is
shaped as a polygonal prism, and thus the developer 24 is conveyed along the side of the polygonal prism, its capacity
of conveying the developer 24 is improved over that of the cylindrical type to such a degree that a sufficient amount
of the developer 24 for solid printing is always conveyed to the developing roller 22 without failure.
[0159] In addition, since the member for melting the developer 24 caught in the recess portion of the developer feed
roller 23 is no longer needed, a reduction in cost may be realized. Further, in cases where a scrubbing material is
provided, since no recess section is present, the scrubbing member need not be processed with high accuracy, and
this results in further reduction in cost.
[0160] In addition, since no recess section is present, there is no increase in torque due to scrubbing of the developer
24 caught in the recess, thus stabilizing the driving. Furthermore, since the developer 24 may be supplied uniformly,
consistent images free of overfed developer may be produced. As a result, image quality may be improved due to the
constant conveyance of the developer by the developer feed roller 23.
[0161] Furthermore, the angle of the surface with respect to the direction of rotation may be adjusted within a range
of 22.5° -60° by setting the number of angles of the polygonal prism constructing the developer feed roller 23 to 3-8,
so that a maximum amount of the developer 24 is conveyed. This allows down-sizing of the diameter of the developer
feed roller 23 and consequent space saving. Further, since the number of rotations may be reduced, energy consump-
tion may be minimized.
[0162] Also, use of a material for the developer feed roller 23 which is charged opposite to the polarity of the developer
24 facilitates the deposition and charging of the developer 24. As a result, there is no possibility that the developer will
be removed entirely by the developer-layer thickness controller member 27, causing a shortage of the developer 24
on the developing roller 22 still in the course of solid printing, and leading to the production of skipped portions.
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[0163] Also, since the value of the constant k may be set to 1-8 by adjusting the distance U between the developer
feed roller 23 and the facing inner wall surface 21a within a range of 0.5-2 mm, the amount of the supplied developer
24 becomes uniform and thus outputs consistent solid images free of overfed developer. Furthermore, since the range
of values of the constant k is minimized by stabilizing the developer density α, the number of rotations of the polygonal
prism-shaped developer feed roller 23 may be lowered to save energy.
[0164] Also, adjustment of the distance T between the developer feed roller 23 and the developing roller 23 within
a range of 0.5-2 mm facilitates the deposition and charging of the developer 24.
[0165] Also, by making the developer feed roller 23 conductive and applying to the developing roller 22 a bias voltage
of the same polarity as the developer 24, the developer 24 may be made more inclined to deposition and charging.
[0166] Also, the developer 24 may be made further inclined to deposition and charging by adding a CCA of polarity
opposite to that of the developer 24 to the material for forming the developer feed roller 23. The material for forming
the developer feed roller 23 includes, for example, ABS (Acrylonitrile-Butadiene-n-Styrene) resin and POM (Poly-
oxymethylene).
[0167] Also, since the opposing inner wall surface 21a in proximity to the developer feed roller 23 has irregularities
with a ten-point mean surface roughness RZ of 10-100 µm, the developer 24 is uniformly charged, and back ground
of the developer is prevented.
[0168] Also, addition of a CCA to the material for forming the opposing inner wall surface 21a results in the uniform
charging of the developer 24 and reduced back ground of the developer. An ABS resin or a polystyrene resin, for
example, may be used as the material for forming the facing inner wall surface 21a.
[0169] Also, in the case of color printers, since the supply of the developer 24 to the developing roller 22 may be
suspended during non-development by suspending rotation of the developer feed roller 23, the colors are prevented
from mixing, thus allowing consistent outputting of sharp images.
[0170] Also in the case of color printers, since the bias voltage applied to the developer feed roller 23 may be reversed
to suspend the supply of the developer 24 to the developing roller 22 during non-development, the colors are prevented
from mixing, and sharp images may be outputted consistently. In addition, since these operations may be performed
by simply switching the bias voltage, the cost may be lowered.
[0171] Also, since the developer-layer thickness control member 27 is a conductor, the developer 24 is consistently
charged, and eventually the concentration of the developer 24 is always controlled so as not to be lowered, and back
ground of the developer is also controlled.
[0172] In addition, since the developer-layer thickness control member 27 has irregularities formed at its section of
contact with the developing roller 22, the developer 24 is consistently charged, and eventually the concentration of the
developer 24 is always controlled so as not to be lowered, and back ground of the developer is also controlled, as is
the case with the case mentioned above.

Example 2

[0173] An example of the present invention will now be explained with reference to Fig. 22 through Fig. 41. Here,
for convenience in explanation only, members in the drawings which have the same functions as those shown in the
drawings referred to in Example 1 described above are identified by like reference characters, and therefore explana-
tions thereof are omitted.
[0174] In the present example, as shown in Fig. 22, a developer- applying member 40 attached to a holder 41 is
provided at a section which corresponds to the midpoint of the developing roller 22. This developer-applying member
40 is designed to press the developer 24 deposited on the developing roller 22. More specifically, according to the prior
art, since no developer-applying member 40 is provided, the developing roller 22 tends to be deposited nonuniformly,
and consequently printed images tend to have concentration variations. In the present example, however, pressing
the developer 24 against the developing roller 22 by the developer-applying member 40 allows uniform deposition of
the developer 40 and ensures a sufficient thickness of the developer layer on the developing roller 22.
[0175] The developer-applying member 40 may be provided apart from the developing roller 22, but within a distance
which allows pressing of the developer 24 on the developing roller 22, or, instead, as shown in Figs. 23A and 23B, the
developer-applying member 40 may be formed of, for example, a rigid body such as an SUS plate with a plate thickness
on the order of 1-3 mm, with a close spacing of, for example, 20-30 µm, between its edge and the developing roller .
This configuration contributes to the increased linear pressure on the surface of the developing roller 22, thereby
establishing a stable surface of the developer 24 which is in contact with the developing roller 22, thus improving the
application performance of the developer 24 and increasing evenness of the developer layer thickness. In addition,
since the edge also has a function of scrubbing the developer layer, it is believed that the developer on the surface in
contact with the developing roller 22 undergoes scrubbing and application in succession. For this, as indicated by the
arrow in Fig. 23B which represents the movement of the developer 24, the developer layer is agitated once on the
contact surface to circulate the developer 24 efficiently, thereby establishing consistent charging of the developer 24.
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[0176] Alternatively, the developer-applying member 40 may be formed of an elastic body such as PET (Polyethylene
Terephthalate), and, as shown in Figs. 24A and 24B, may be arranged with its tip in contact with the developing roller
22 under pressure by the elastic force. Since this configuration allows application of the developer 24 under a fixed
pressure, the developer 24 may be deposited on the surface of the developing roller 22 in a reliable manner. Here, the
pressing force of the tip of the developer-applying member 40 is preferably 0.4 - 1.0 kg, for example. That is, as shown
by the solid line in Fig. 25, the pressing force of the developer-applying member 40 and the torque of the developing
roller 22 are in a direct proportional relationship, whereas the BG (BackGround) tends to increase with decreasing
pressing force of the developer-applying member 40, as shown by the broken line in the same drawing. Therefore,
setting of the pressing force within the above range allows uniform application of the developer on the developing roller
22 and establishment of lower torque and better BG.
[0177] In addition, it is also possible to bend the tip of the developer-applying member 40 into an L-shape and to
bring the corner into contact with the developing roller 22 for pressure. The developer-applying member 40 is formed
of an elastic body such as a resin material, including PET, for example. The developer-applying member 40 has a
thickness on the order of 0.5 - 1.0 mm, for example, and its tip is bent into an L-shape approximately 2-3 mm long.
Since this configuration results in increased strength of the developer-applying member 40, the developer-applying
member. 40 may endure the developer pressure exerted thereon even if the developer pressure increases, the linear
contact pressure exerted on the developing roller 22 may be made stable, and the evenness of the developer layer
thickness of the developing roller 22 may be improved. In addition, there is less deformation of the developer-applying
member 40 by a long-term use.
[0178] Alternatively, as shown in Figs. 27A and 27B, the tip of the developer-applying member 40 may be bent into
a U-shape instead of an L-shape, with the curved section of the U-shape in contact with the developing roller 22 under
pressure. With this configuration, in the same manner as above, the linear contact pressure exerted on the developing
roller 22 is made stable to increase the evenness of the thickness of the developer layer on the developing roller 22,
and further, since the contact surface is curved, the developer 24 moves easier under the reduced stress.
[0179] Here, the developer-applying member 40, though being formed of an elastic body such as a resin material,
including PET for example, as mentioned above, but without being limited thereto, may be formed of another elastic
body including, for example, a resin material such as polyethylene, acrylic resin or nylon, rubber, a plate spring or
another rigid body. The elastic body may be somewhat a thick rubber or rubber-like material, as shown in Figs. 28A
and 28, as well as a sheet-like one. The above nylon may be a nylon sheet or nylon fibers. In addition, these PET,
nylon and other materials may be used in the form of a one-material single plate and further in the form of a composite
of two or more of such one-material single plates, as shown in Figs. 29A and 29B. As shown in Fig. 30, use of the
composite causes no distortion of the developer-applying member 40 even when used for a long time, as shown in
Fig. 30, and the developer may be applied uniformly for a long period of time.
[0180] Particularly, use of two layers of nylon facilitates negative charging of the developer 24, and consequently
serves to reduce the BG and allows uniform application of the developer.
[0181] Although the developer applicator member 40 is formed as a single piece, it may be formed in a different
manner; for example, as shown in Figs. 31A and 31B, a contact member 40a made of polyurethane foam which has
the same width as the developing roller 22 may be attached to the tip of the developer-applying member 40 made of
PET to press the developing roller 22, or, as shown in Figs. 32A and 32B, a brush 40b may be attached to the tip of
the developer-applying member 40 made of PET to press the developing roller 22. These all serve to uniformly deposit
the developer 24 on the developing roller 22. Particularly, the use of the brush 40b produces the favorable effect of
making the thickness of the developer 24 uniform because the respective bristles of the brush 40b are placed in contact
with the developing roller 22 to apply the developer 24 thereto.
[0182] In addition, use of the member attached to the tip of the developer-applying member 40 which is made of a
material placed positive in the electrification series facilitates negative charging of the developer 24, and further serves
to make more uniform the thickness of the developer layer on the developing roller 22.
[0183] In addition, the developer-applying member 40, though made of an insulating material in the above case, may
be made of another type material; for example, as shown in Fig. 33, it is also possible to use a conductive material for
contact with the developing roller 22 and to apply a bias voltage 42 thereto. More specifically, the developer-applying
member 40 is formed of, for example, an approximately 0.3 - 0.7 mm-thick elastic body of a conductive material such
as aluminum or SUS. Different from the above case, however, the conductive material must not be a metal and may
be a resin which has been made conductive by carbon black or another conductivity-providing agent dispersed therein,
for example.
[0184] In addition, a high bias voltage 42 is placed between the developer-applying member 40 and the developing
roller 22 for efficient application and supply of the developer 24. In this case, since the developer 24 is negatively
charged, the developing bias voltage is set to -300 V, and the developer application bias voltage to the developer-
applying member 40 is set to -450 V, for example.
[0185] As mentioned above, since a bias voltage matching the polarity of the developer 24 is applied so that the
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developer 24 is supplied from the developer-applying member 40 to the surface of the developing roller 22, the devel-
oper 24 is smoothly conveyed from the developer-applying member 40 to the surface of the developing roller 22, thus
improving the movability of the developer 24. As a result, since the developer 24 does not remain on the section of
contact between the developer-applying member 40 and the developing roller 22, the chargeability of the developer
24 is increased, and there is less chance of inconvenience of forming images with overfed developer.
[0186] Alternatively, it is also possible to partially bore the developer-applying member 40. That is, as shown in Fig.
34A, a hole 40c is made in part of the developer-applying member 40, downstream from the developer 24, or as shown
in Fig. 34B, for example, one or more slits each 2-3 mm wide are formed. This configuration allows exclusion of excess
developer 24 via the hole 40c or the slit 40d in cases where the excess developer 24 is conveyed from the developer
feed roller 23 to the tip of the developer-applying member 40 and applied to the surface of the developing roller 22 to
increase the pressure of the developer-applying member 40. As a result, the pressing force of the developer-applying
member 40 for application may be held constantly, and the developer may be applied consistently. In addition, solutions
are provided to overcome inconveniences such as poor charging of the developer 24 due to increase in torque of the
developer feed roller 23 and excess coating of the developer 24.
[0187] Here, as shown in Fig. 34c, provision of the hole 40c or the slit 40d in the developer-applying member 40 with
an open/close pressure-regulating valve 40e designed in such a manner that it opens to allow the excess developer
24 to escape when the pressure has increased to a predetermined value, results in proper control of the pressure to
allow more consistent application of developer.
[0188] As an alternative method of properly controlling the pressure to the developer 24 between the developing
roller 22 and the developer-applying member 40, for example, the developer-applying member 40 may be biased by
a spring 43, as shown in Figs. 35A and 35B. More specifically, as shown in Fig. 35A, the biasing may be made from
the side of the developing roller 22 so as to provide the developer-applying member 40 with a tensile force, whereas
as shown in Fig. 35B, the biasing may be made from behind the developer-applying member 40 so as to provide the
developer-applying member 40 with a pressing force. This results in consistent exertion of contact pressure of the
developer-applying member 40 onto the surface of the developing roller 22. In addition, change in the tensile force of
the spring 43 allows control of the developer-layer thickness of the surface of the developing roller 22 and the charge-
ability of the developer 24.
[0189] According to another method of improving the chargeability of the developer 24, for example, the material for
forming the developer-applying member 40 may contain a CCA of the azo dyestuff family. As shown by the solid circles
in Fig. 36, incorporation of a CCA in the developer-applying member 40 results in a greater amount of charge and
more consistent chargeability of the developer 24 as compared with CCA-free cases (indicated by the circles in the
same drawing). In other words, the charging capacity of the developer-applying member 40 largely depends on the
chargeability of the developer 24, and variations in the charging capacity of the developer-applying member 40 cause
variable amounts of charge of the developer 24. As a countermeasure, the chargeability of the developer-applying
member 40 may be controlled by a CCA to charge the developer 24 consistently.
[0190] In addition, according to another method of improving the chargeability of the developer 24, it is possible to
use, for example, a material which is placed positive in the electrification series for forming the developer-applying
member 40. More specifically, since the developer 24 is negatively charged, a coat of silicon which is placed positive
in the electrification series relative to the developer 24 is applied to the surface of the developer-applying member 40
in this case, for example. As a result, as shown in Fig. 37, the amount of charge of the developer 24 increases, the
charging of the developer 24 starts smoothly, and the developer 24 is consistently charged.
[0191] According to an alternative method of improving the chargeability of the developer 24, the surface of the
developer-applying member 40 may be subjected to sand-blasting, for example. More specifically, as shown in Figs.
38A and 38B, the surface of the developer-applying member 40 at the side of the developing roller 22 is subjected to
sand-blasting to form irregularities with a ten-point mean surface roughness RZ on the order of 5 µm.
[0192] This formation, as shown in Fig. 38c, results in increased friction with the developer 24, thus increasing the
amount of charge of the developer 24 and the uniformity of the developer-layer thickness.
[0193] In addition, as detailed in Example 3 given later and as shown in Fig. 39, for example, the holder 41 equipped
with the developer-applying member 40 and the scrubbing member 45 tends to deflect at the center along the direction
of the length of the holder 41. Deflection of the holder 41 causes non-uniform scrubbing of the developer 24 by the
scrubbing member 45 and non-uniform amounts of supply of the developer 24 to the developing roller 22. Further, the
pressing force of the developer-applying member 40 to the developing roller 22 changes causing non-uniform thick-
nesses of the developer layer on the developing roller 22. For these reasons, the deflection of the holder 41 must be
minimized. Methods of preventing the deflection include, for example, attachment of a reinforcing member to the holder
41 and increase in the wall thickness of the holder 41, which, however, results in undesired increase in parts count
and cost, and the deflection cannot be prevented by the increase in the wall thickness alone.
[0194] Therefore, the holder 41 of the present example is provided with a locator rib 46 at one or more positions
along the longitudinal direction of the holder 41, for example, at two positions shown in Fig. 40, and these locator ribs
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46 are fixed on the inner wall surface of the cartridge body 21, as shown in Fig. 39. As shown in Fig. 41, this configuration
serves to control the deflection to 0.1 mm or less which is much smaller than the deflection of approximately 0.8 mm
observed when the locator ribs 46 are absent.
[0195] As described above, the developer cartridge 20 for printers according to the present example is designed so
that the developer 24 conveyed to the area around the developing roller 22 by the developer feed roller 23 is pressed
by the conveying force to the side of the developing roller 22. Since the pressure due to this conveying force alone is
not always sufficient to deposit the developer 24 on the developing roller 22, the present example is provided with the
developer-applying member 40; this developer-applying member 40 additionally presses the developer 24 conveyed
to the area around the developing roller 22 and applies and deposits the developer 24 on the surface of the developing
roller 22. This results in uniform application of the developer 24 to the developing roller 22 under a fixed pressure, and
this allows a great decrease in concentration variations and the BG.
[0196] In addition, in cases where the developer-applying member 40 is formed of a rigid body, the developer layer
on the surface of the developing roller 22 may be made thinner to produce high-quality images, and further the per-
formance of scrubbing the developer 24 is improved to promote uniform charging of the developer, thus allowing con-
sistent application of the developer free of both back ground and scattering of the developer 24.
[0197] Further, since the developer-applying member 40 may be formed of an elastic body such as PET and is
brought into contact with the developing roller 22 to press it, the developer 24 may be applied uniformly to the developing
roller 22 under a fixed pressure, and this allows a great decrease in the concentration variations and the BG.
[0198] Furthermore, setting the fixed pressure within the range of 0.4 - 1.0 kg allows uniform application of the
developer at low torque, and this results in reduced concentration variations and BG when printed.
[0199] Also, by bending the tip of the developer-applying member 40 in the form of the letter L and bringing its corner
into contact with the developing roller 22 to press it, it becomes possible not only to make uniform the section of contact
between the surface of the developing roller 22 and the developer-applying member 40 to maintain consistent contact
pressure on the surface of the developing roller 22, but also to strengthen the developer-applying member 40. In this
way, the developer may be applied uniformly and consistently without being influenced by the characteristics of the
material constructing the developer-applying member 40. In addition, in cases where the tip of the developer-applying
member 40 is bent into a U-shape and the curved section of the U-shaped tip is brought into contact with the developing
roller 22 to press it, since the contact surface is curved, the developer 24 moves more easily under the reduced stress
on the developer 24. The result is that higher image quality may be produced consistently, and further the developer-
applying member 40 may be attached with less accuracy, thus allowing reduction in cost.
[0200] Alternatively, in cases where a rubber material is used to form the developer-applying member 40, the devel-
oper 24 may be applied uniformly because the developer 24 may be applied to the developing roller 22 under a fixed
pressure at an even width. The result is reduction in the concentration variations and the BG.
[0201] In addition, it is also possible to use two or more layers of the developer-applying member 40 made of PET
or the like, and this use results in permanent elimination of distortion and thus allows uniform application of the developer
for a long period of time. Alternatively, in . cases where nylon or nylon fibers are used in two layers, the developer may
be applied more consistently because the characteristics of nylon increase the tendency of the developer 24 to be
charged.
[0202] It is also possible to fasten a contact member 40a to the tip of the developer-applying member 40 made of
PET or to attach a brush 40b to the PET product to press the developing roller 22 in a contact state. This also serves
to apply the developer with an even width under a fixed pressure, thus accomplishing uniform application of the de-
veloper.
[0203] It is also possible to form a scrubbing member to be attached to the tip of the developer-applying member
40, of a material which is placed positive in the electrification series, thereby negatively charging the developer 24
more easily to further increase the uniformity of the developer layer on the developing roller 22.
[0204] It is also possible to form the developer-applying member 40 of a conductive material so that the developer
24 is applied along the surface of the developing roller 22, and a consistent developer layer may be produced by placing
a bias voltage between the developing roller 22 and the developer-applying member 40.
[0205] Further, since the hole 40c or slit 40d formed in part of the developer-applying member 40 serves to discharge
the excess developer 24, the application pressure may be kept constant to accomplish consistent application of the
developer. In addition, since the stress placed on the developer 24 may be reduced, the useful life of the developer
24 may be made longer to bring down running costs.
[0206] Biasing of the developer-applying member 40 by a spring 43 toward the developing roller 22 allows adjustment
of the application pressure to permit variation in the application of developer, regardless of the material of the developer-
applying member 40 and the characteristics thereof. The result is that the device may be attached with less accuracy,
and thus the cost may be lowered.
[0207] It is also possible to incorporate a CCA of the azo dyestuff family into the material of the developer-applying
member 40. This incorporation promotes charging of the developer 24 to accomplish consistent application of the
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developer 24; the images are free of the inconvenience of overfed developer, and the image quality is consistent.
[0208] Also, the developer-applying member 40 may be made of a material which is placed positive in the electrifi-
cation series. This allows consistent application of the developer 24 with increased charging efficiencies.
[0209] Further, the surface of the developer-applying member 40 may be treated by sand-blasting. This treatment
causes increase in the area of contact between the developer-applying member 40 and the developer 24, resulting in
more smooth movement of the developer 24 with increased chargeability and provision of a consistent developer layer
on the developing roller 22.
[0210] It is also possible to provide locator ribs 46, 46 at two positions, for example, along the longitudinal direction
of the holder 41 holding the developer-applying member.40 and the scrubbing member 45, and further to fix these
locator ribs 46, 46 to the cartridge body 21. This configuration which includes the formation of the locator ribs 46, 46
results in reduction of the amount of deflection of the holder 41 to 0.1 mm, which is much smaller than the deflection
of about 0.8 mm of the holder 41 in cases where no locator ribs 46, 46 are present, and further results in an even
amount of the developer being deposited along the entire surface of the developing roller 22 to produce excellent
images.

Example 3

[0211] Another example of the present invention will now be explained with reference to Fig. 42 through Fig. 60.
Here, for convenience in explanation only, members in the drawings which have the same functions as those shown
in the drawings referred to in Example 1 and Example 2 described above are identified by like reference characters,
and therefore explanations thereof are omitted.
[0212] In the present example, as shown in Fig. 42, the metal holder 41 placed almost at the center of the developer
cartridge 20 is provided with the developer-applying member 40 which extends toward the developing roller 22, and a
scrubbing member 45 is provided extending toward the developer feed roller 23 to scrub the developer 24 on the
developer feed roller 23.
[0213] More specifically, the scrubbing member 45, as shown in Fig. 43A and 43B, is affixed to the holder 41 attached
to the cartridge body 21 together with the developer-applying member 40, with its tip brought into contact with the
developer feed roller 23. As clearly shown in Fig. 44, since the scrubbing member 45 made of, for example, PET,
causes variation in size depending on the location of scrubbing developer along the longitudinal direction of the de-
veloper feed roller 23, it is preferably formed of an elastic material such as polyurethane foam the scrubbing perform-
ance of which has a lower tendency to be influenced by variation in size.
[0214] In cases where polyurethane foam is used to form the scrubbing member 45, since polyurethane foam is
placed more positive than the developer 24 in the electrification series, the developer 24 is further negatively charged
preliminarily by frictional electrification between the negatively charged developer 24 and the polyurethane foam. As
a result, the developer 24 is more preferably charged by the developer-layer thickness control member 27.
[0215] In order to prevent electrostatic deposition of the developer 24 on the scrubbing member 45, usually it is
preferred to select a material for the scrubbing member 45 which is charged to the same polarity as the charged polarity
of the developer 24 in cases where the charged polarity of the developer 24 is minus. On the other hand, the scrubbing
member 45 is preferably charged positive in cases where the charged polarity of the developer 24 is plus. Accordingly,
in cases where the charged polarity of the developer 24 is plus, the electrostatic deposition of the developer 24 may
be prevented by using polyurethane of the same polarity as the charged polarity of the developer 24 to form the scrub-
bing member 45.
[0216] Operation in cases where the scrubbing member is provided will be explained in brief.
[0217] As shown in Fig. 45, the developer 24 in the developer cartridge 20 is conveyed toward the lower developer
feed roller 23 as the developer agitation roller 26 rotates. The developer 24 is then conveyed toward the developing
roller 22 passing between the developer feed roller 23 and the facing inner wall surface 21a as the developer feed
roller 23 further rotates. Here, the developer 24 on the developer feed roller 23 is scrubbed by the scrubbing member
45 located above the developer feed roller 23. The developer 24 conveyed toward the developing roller 22 and the
developer 24 scrubbed by the scrubbing member 45 are then applied together to the developing roller 22 by the de-
veloper-applying member 40. Upon arrival of the developer 24 at the developer-layer thickness control member 27 as
the developing roller 22 rotates, the excess developer 24 is scrubbed by the developer-layer thickness controller mem-
ber 27 to produce an even developer layer. Finally, the electrostatic latent image on the photoconductor drum (not
shown) is developed as the developing roller 22 further rotates.
[0218] Here, the amount of the developer 24 on the developer feed roller 23 which is scrubbed by the foamed scrub-
bing member 45 made of polyurethane foam or the like depends on the size of the cell (respective separate air voids
surrounded by polyurethane particles other than open air voids) present per unit length of the polyurethane foam which
is the material of the scrubbing member 45. More specifically, comparison in terms of the amount of scrubbed poly-
urethane per unit length, between the total of respective amounts A of the developer 24 scrubbed in the case of larger
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cells shown in Fig. 46A and the total of respective amounts B of the developer 24 scrubbed in the case of smaller cells
shown in Fig. 46B reveals that the total of the amounts B of the developer 24 scrubbed in the case of the smaller cells
shown in 46B is greater than the other total. The relationship between the number of cells per unit length of 25 mm
and the scrubbed amount is shown in Fig. 47. The results shown in Fig. 47 suggest that the number of cells of the
foamed scrubbing member 45 made of polyurethane foam or the like is preferably 25/25 mm or more.
[0219] Also, the angle of contact of the scrubbing member 45 with respect to the developer feed roller 23 which is
shown in Fig. 48 is preferred to be within a range of 45° % θ % 135°, with an optimum value on the order of 90°, judging
from the scrubbing performance shown in Fig. 49.
[0220] In addition, as shown in Fig. 50 through Fig. 52, the position of the scrubbing member 45 with respect to the
developer feed roller 23 preferably satisfy the relation: L1 ^ 2 mm wherein L1 is the distance between the right end of
the developer feed roller 23 and the right end of the scrubbing member 45. This is because at a distance within this
defined range the amount of the scrubbed developer increases, as shown in Fig. 53, and further blocking or solidification
of the developer 24 may be prevented to improve its movability.
[0221] On the other hand, the penetration depth L2 of the scrubbing member 45 in the developer feed roller 23 which
is shown in Fig. 54 preferably satisfy the relation: 0.5 mm % L2 % 2 mm. In other words, as shown in Fig. 55, a greater
penetration depth L2 results in higher torque of the developer feed roller 23. Conversely, a smaller penetration depth
L2 causes a lower scrubbing performance. Consideration of the scrubbing performance, the torque and the variation
in size described above supports the above preferred range of the penetration depth L2.
[0222] The torque of the developer feed roller 23 is also influenced by the density of the foamed scrubbing member
45 made of polyurethane foam or the like. More specifically, the elasticity decreases and the torque of the developer
feed roller 23 increases with increasing density of the polyurethane foam, whereas the elasticity increases and the
torque decreases with decreasing density of the polyurethane foam. In addition, esters and ethers have different levels
of elasticity, as shown in Fig. 56. In conclusion, from the point of view of torque, the density is preferred to be 40 kg/
m3 or less for esters and 50 kg/m3 or less for ethers.
[0223] On the other hand, it is also possible to form the developer feed roller 23 of a conductive material such as
aluminum or SUS and to apply a feed roller-biasing voltage 47 of -750 V, for example, to the developer feed roller 23
while applying a developing roller-biasing voltage of -550 V, for example, to the developing roller 22. Since this produces
a potential difference of 200 V, the negatively charged developer 24 is electrically attracted toward the developing roller
22 and applied efficiently by the developer-applying member 40. Here, the conductive member need not be a metal,
and may be a resin which has been made conductive by carbon black or another conductivity-providing agent dispersed
therein, for example.
[0224] Also, the scrubbing member 45 need not be made of a foamed elastic body such as polyurethane foam, and
may be made of an elastic body of a rubber material such as chloroprene rubber or a resin material such as PET, as
shown in Fig. 58. Use of the latter type of material allows compensation of the difference in level between the plane
sections and the edge line sections of the regular hexagonal prism when the scrubbing member 45 rubs on the side
surfaces of the regular hexagonal prism-shaped developer feed roller 23, and scrubbing of the developer 24 on the
developer feed roller 23 without clogging, unlike the case of using polyurethane foam or the like.
[0225] Alternatively, it is also possible to construct the scrubbing member 45 by, as shown in Fig. 59, for example,
attaching a weak elastic ether-based polyurethane foam 45a to the holder 41 and then providing its tip with a rubbing
section 45b made of an elastic body such as chloroprene rubber or PET. This configuration allows compensation of
the difference in level between the plane sections and the edge line sections of the regular hexagonal prism by the
ether-based polyurethane foam 45a when the scrubbing member 45 rubs on the side surfaces of the regular hexagonal
prism-shaped developer feed roller 23, and this in turn allows scrubbing of the developer 24 with less variation in torque
of the developer feed roller 23.
[0226] In cases where the scrubbing member 45 is formed of polyurethane foam or a rubber material such as chlo-
roprene rubber, as shown in Fig. 60A, or in cases where the scrubbing member 45 is formed as a sheet of a resin
material such as PET, a through-hole 45c may be formed through the scrubbing member 45, for example. This through-
hole serves to prevent increase in torque of the developer feed roller 23 which tends to occur especially when a small
number of prints are produced, by returning the excess developer 24 present between the developing roller 22 and
the developer-applying member 40 via the through-hole 45c.
[0227] As mentioned above, the developer cartridge 20 for printers according to the present example is provided
with the developer feed roller 23 formed in the shape of a regular polygonal prism such as a regular hexagonal prism
and further with the scrubbing member 45 for scrubbing the developer 24 on the developer feed roller 23. This scrubbing
member 45, being formed of an elastic body such as polyurethane foam, may be designed so as not to lower the
scrubbing performance even with variation in sizes of the members. In addition, since there is no need here to use
parts with high accuracy or to ensure high-precision assembly, the manufacturing procedure may be made simpler to
lower the cost.
[0228] Also, use of a material such as polyurethane foam which is placed more positive than the developer 24 in the
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electrification series results in preliminary negative charging of the developer 24 with greater ease.
[0229] Here, the cell number is preferred to be set to 25/25 mm or more in cases where the scrubbing member 45
contains foams, as is the case where it is formed of polyurethane foam or the like. The downsizing of the cells in this
way contributes to a greater scrubbing area which ensures a satisfactory level of scrubbing performance.
[0230] In addition, the angle of contact of the scrubbing member 45 with respect to the polygonal prism-shaped
developer feed roller 23 preferably satisfy the relation: 45° % θ % 135°. If this relation is satisfied, the scrubbing per-
formance may be fully ensured.
[0231] The positional deviation of the scrubbing member 45 from the developer feed roller 23, more specifically, the
distance L1 between the right ends of the two, preferably satisfy the relation: L1 ^ 2 mm. If this relation is satisfied, the
required amount of scrubbing may be ensured, blocking of the developer 24 may be prevented, and the movement of
the developer 24 may be improved. In addition, since no additional roller is needed to charge the developer 24, it is
possible to simplify and downsize the structure and to reduce the cost.
[0232] In addition, in cases where the penetration depth L2 of the scrubbing member 45 in the developer feed roller
23 satisfies the relation: 0.5 mm % L2 % 2 mm, the torque may be minimized while maintaining a satisfactory level of
scrubbing performance.
[0233] On the other hand, in cases where the scrubbing member 45 is formed of polyurethane foam, the torque may
be lowered while maintaining a satisfactory level of scrubbing performance by setting the density to 40 kg/m3 or less
for ester materials and to 50 kg/m3 or less for ether materials. This also allows downsizing of the motor, and thus
reduction in cost.
[0234] In addition, in cases where the developer feed roller 23 is formed of a conductive material, and a bias voltage
is applied to each of the developing roller 22 and the developer feed roller 23, the negatively charged developer 24
may be electrically attracted toward the developing roller 22 and applied efficiently.
[0235] Alternatively, the scrubbing member 45 may be formed of a non-foamed elastic body such as rubber or resin,
and this serves to prevent clogging while scrubbing and to prevent increase in torque.
[0236] Also, in cases where the scrubbing member 45 is composed of a more elastic member having a tip made of
a less elastic material, variation in torque of the corner of the polygonal prism-shaped developer feed roller 23 may be
compensated by the more elastic member, and thus the variation in torque may be prevented.
[0237] Also, in cases where a through-hole 45c such as a hole or slit with a larger diameter than the diameter of the
developer 24 is formed in the scrubbing member 45, the developer 24 may escape via the through-hole 45c to prevent
increase in torque of the developer feed roller 23 when the developer pressure from the developer-applying member
40 increases.

Example 4

[0238] An additional example of the present invention may be explained as below with reference to Fig. 61 through
Fig. 66. Here, for convenience in explanation only, members in the drawings which have the same functions as those
shown in the drawings referred to in Example 1 through Example 3 described above are identified by like reference
characters, and therefore explanations thereof are omitted.
[0239] In the present example, the developer agitation roller 26 of the developer cartridge 20 shown in Fig. 42 will
be discussed from the point of view of the amount of conveyance.
[0240] First, for ready conveyance of developer 24 the developer cartridge 20 in the present example is a vertical
type which utilizes gravity on the developer 24, equipped with a hopper for storing developer in the upper section, a
developer agitation roller 26 located under the hopper and a developer feed roller 23 located under the developer feed
roller 23. By forming the developer feed roller 23 as a regular hexagonal prism, providing a developer-applying member
40 and a scrubbing member 45 and rotating the developer agitation roller 26, the developer feed roller 23 and the
developing roller 22, a constant amount of developer 24 comprising both highly mobile developer 24 and less mobile
developer 24 is conveyed to achieve consistent conveying performance even with decreasing amount of the developer
in the developer tank, as shown by the solid line in Fig. 61. As a result, the developer 24 may be supplied consistently
at all times, regardless of change in the mobility and the remaining amount of the developer 24 and of the physical
properties of the developer 24.
[0241] In this connection, conveyance with a cylindrical developer feed roller of the prior art results in a small amount
of developer being conveyed at the beginning which increases only gradually in cases where the developer 24 is less
mobile, as shown by the broken line and the solid circles in Fig. 61. Accordingly, the developer 24 must be highly mobile
in order to improve its movability. Increase in mobility of the developer 24 indeed results in an increased amount of the
developer 24 being conveyed from the developer feed roller 23 to the developing roller 22; nonetheless, the increase
also causes increase in pressure which is placed on the developer 24 from the developer-layer thickness control mem-
ber 27, thereby increasing the tendency of the developer 24 to be fused to the developer-layer thickness control member
27, because the developer 24 on the surface of the developing roller 22 is smoothed out to an even layer having a
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thickness on the order of 20 µm by the developer-layer thickness control member 27.
[0242] As a result, although according to the prior art, formation of the.developer layer on the developing roller 22
was disturbed due to fusion of the developer to the developer-layer thickness control member 27 and caused print
white void and back ground of developer after printing of approximately 2,000-5,000 sheets, no such inconvenience
was produced in the present example even after printing of approximately 5,000 sheets.
[0243] The relationship between the amount of developer 24 conveyed by the developer agitation roller 26 and the
amount of developer 24 conveyed by the developer feed roller 23 will now be discussed with reference to Fig. 42 and
Fig. 62.
[0244] First, representing the amount of developer 24 conveyed by the developer feed roller 23, which is shown in
Fig. 42, per rotation by S1, the amount of developer 24 conveyed by the developer agitation roller 26 per rotation by
S2 and the rotational ratio between the developer agitation roller 26 and the developer feed roller 23 (number of rotations
of the developer agitation roller/number of rotations of the developer feed roller) by "b", and changing the rotational
ratio "b" while keeping the amounts of conveyance S1 and S2, in cases where S1 > b x S2, that is, the amount of
conveyance S2 by the developer agitation roller 26 is smaller, concentration of the solid image produced by solid printing
gradually decreases as shown by the delta symbols in Fig. 62. Further, as shown in Fig. 63, the difference in concen-
tration between the front end and the rear end of the solid image increases.
[0245] Therefore, in order to maintain consistent movability of developer 24 on the surface of the developing roller
22 in the case of solid printing or the like which requires large amounts of developer in high concentrations, it is nec-
essary to satisfy the relation: S1 < b x S2 thereby keeping the developer feed roller 23 always surrounded by developer
24. The case where S1 = b x S2 is also acceptable, though the concentration of the solid-printed portion is somewhat
lower than the case where S1 < b x S2, as indicated by the squares in Fig. 62.
[0246] Further, representing the speed of rotation of the developer feed roller 23 by v1 and the speed of rotation of
the developer agitation roller 26 by v2, the relation of v2 ^ v1 is set so that the amount of conveyance S2 by the developer
agitation roller 26 exceeds the amount of conveyance S1 by the developer feed roller 23.
[0247] In order to increase the amount of conveyance S2 by the developer agitation roller 26, it is also possible to
provide the tip of the developer agitation roller 26 with a blade 38 made of an elastic material such as PET in a manner
which allows its contact with the wall surface of the cartridge body 21.
[0248] This configuration allows reduction in the amount of the residual virgin developer 24 left in the developer tank
by approximately 20% of the amount according to the prior art.
[0249] On the other hand, as described above and as shown in Fig. 42, the developer-layer thickness control member
27 smooths out the developer 24 on the surface of the developing roller 22 to form a thin layer of the developer 24.
This causes presence of the scrubbed excess developer 24 near and upstream from the developer-layer thickness
control member 27. If this excess developer 24 remains near the developer-layer thickness control member 27, then
the developer 24 conveyed from the developer feed roller 23 cannot enter into the area of the developer-layer thickness
control member 27, or conversely, the amount of the developer 24 conveyed to the developer-layer thickness control
member 27 increases excessively to raise the pressure of the introduced developer.
[0250] As a result, charging of the developer 24 by the developer-layer thickness control member 27 is prevented
to produce the inconvenience of scattering of the developer 24 toward the downstream side of the developer-layer
thickness control member 27 to facilitate fusion of the developer 24 to the developer-layer thickness control member
27. As mentioned above, it is not preferred that the once-smoothed developer 24 remain near the developer-layer
thickness control member 27 when the developer layer is formed on the surface of the developing roller 22. For example,
as shown in Figs. 65A and 658, the developer agitation roller 26 may be provided with recovery blades 26a, 26a
supported at rotational ends of the blades 38, 38 in a rotatable manner, and these recovery blades 26a, 26a may be
used to recover the developer 24 accumulated upstream from the developer-layer thickness control member 27 in the
developer tank. This results in preventing the developer 24 from remaining near the upstream side of the developer-
layer thickness control member 27 and in the formation of a developer layer on the surface of the developing roller 22
which consists only of the developer 24 conveyed from the developer feed roller 23. As a result, the amount of developer
in the developer layer may be kept constant, and the developer 24 may be charged consistently as well, thus eliminating
the inconvenience described above.
[0251] Here, the recovery blades 26a, 26a are designed to freely open and close crawling on the inner wall surface
of the developer tank and the side surface of the developer-layer thickness control member 27 as the developer agitation
roller 26 rotates, and thus do not prevent rotation of the developer agitation roller 26.
[0252] Alternatively, the recovery blades 26a, 26a, though being formed as blade-shaped recovery mechanisms
attached to the developer agitation roller 26 in the above case, may be formed otherwise; for example, they may be
replaced by other members which have the same functions when interlocked with the developer agitation roller 26.
For example, as shown in Fig. 66A, a dogleg scrubbing blade 26b which is rotatable around its center may be formed
near the developer-layer thickness control member 27. Further, as shown in Fig. 66B, the blade 26b may be biased
at one end by a spring 26c to provide the blade 26b with a pressing force, and it may be provided with a blade material
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26d at the other end. As shown in Fig. 66C, the developer agitation roller 26 rotates to contact and press the scrubbing
blade 26b. At the same time, the dogleg scrubbing blade 26b rotates around its center to scrub the developer 24
remaining near the developer-layer thickness control member 27 and recover the developer 24 in the developer tank.
Since the developer 24 may be recovered with only the members interlocked with the developer agitation roller 26 in
this way, the parts count does not increase and thus increase in cost may be prevented.
[0253] As described above, in the developer cartridge 20 for printers according to the present example, the developer
storage section with the developer agitation roller 26 is provided above the developer feed roller 23 for conveying
developer 24 to the developing roller 22. Accordingly, the developer 24 may be conveyed consistently to produce
consistent high image quality without being influenced by mobility of the developer 24 and the state of the developer
24 including the residual amount of the developer 24 in the developer tank, and further, since there is no need to provide
additional carrying mechanisms, the entire developer cartridge 20 may be made more simple and compact, and thus
the cost may be minimized accordingly.
[0254] Also, in the present example, representing the amount of developer 24 conveyed by the developer feed roller
23 by S1, the amount of developer 24 conveyed by the developer agitation roller 26 by S2 and the ratio of rotations
between the developer agitation roller 26 and the developer feed roller 23 (number of rotations of the developer agitation
roller/number of rotations of the developer feed roller) by "b", it is preferred that the relation: S1 % b x S2 be satisfied.
In addition, the ratio "b" of rotations preferably satisfies the relation: b ^ 1. If these relations are satisfied, a consistent
amount of developer 24 may be supplied at all times; even in cases where developer 24 on the surface of the developing
roller 22 is consumed,since conveyance of developer 24 from the developer feed roller 23 is ensured, favorable images
may be produced consistently even when printing is performed in high concentrations.
[0255] Furthermore, since the tip of the developer agitation roller 26 is provided with the blade 38 in a state which
allows its contact with the wall surface of the cartridge body 21, it is possible to efficiently convey the residual developer
24 in the developer tank from the developer agitation roller 26 to the developer feed roller 23, thus reducing the amount
of developer remaining in the developer tank. As a result, developer 24 loaded in the developer tank may be fully
consumed, and thus developer supply costs may be minimized.
[0256] In addition, since the developer agitation roller 26 is provided with the recovery blades 26a, 26a for recovering
developer 24 smoothed by the developer-layer thickness control member 27 from the vicinity of the developer-layer
thickness controller member 27, the developer 24 does not remain near the upstream end of the developer-layer
thickness control member 27, and therefore the amount of developer in the developer layer may be kept constant, and
developer 24 may be charged in a consistent manner, thus resulting in long-lasting consistent image quality.

Example 5

[0257] An additional example of the present invention will now be explained with reference to Fig. 67 through Fig.
81. Here, for convenience in explanation only, members in the drawings which have the same functions as those shown
in the drawings referred to in Example 1 through Example 4 described above are identified by like reference characters,
and therefore explanations thereof are omitted.
[0258] In the present example, as shown in Fig. 67, the developer-applying member 50 is formed of, for example, a
sheet-like elastic body of a resin material such as PET, with one end affixed to the cartridge cover 31 and the other
end being in contact with and pressing against the developer feed roller 23 so that developer 24 deposited on the
surface of the developer feed roller 23 is scrubbed into the developer-supplying chamber 32. That is, the developer-
applying member 50 also serves as a scrubbing member in the present example.
[0259] The developer-applying member 50, being formed of an elastic body of a resin material such as PET in the
present example, is not limited thereto and may be formed of another material; for example, it may be formed of an
elastic body made of a resin material such as polyethylene, acrylic resin or nylon, rubber, or a rigid body such as a
plate spring, etc.
[0260] The developer-applying member 50 is shaped as an arc which curves outward toward the developing roller
22 and which serves as a partition to separate the developer-layer thickness control member 27 and the developing
roller 22 from the other members in the developer tank 49. The developer-applying member 50 is designed to press
the developer at the point Q in the developer-supplying chamber 32, the point on the developer-applying member 50
which is located nearest to the developing roller 22, so that the developer 24 is preliminarily deposited and preliminarily
charged. This allows consistent charging of developer 24 as it passes through the developer-layer thickness control
member 27, which will be discussed later.
[0261] Here, an optimum distance or spacing "d" between proximate points of the developing roller 22 and the de-
veloper-applying member 50 is 2 mm or less (0 < d % 2) based on the relationship between the amount of charge and
the spacing "d" which is illustrated in Fig. 68, because favorable images free of overfed developer are produced when
the amount of charge is 10 µC/g or more. The relationship between the amount of preliminary charge and the spacing
which is shown in Fig. 69 reveals that the amount of preliminary charge at that distance is 2.5 µC/g or more.
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[0262] The material for forming the developer-applying member 50 is desired to be one which is placed more positive
than the developer 24 in the electrification series. Therefore, an optimum material for the developer-applying member
50 is a sheet of nylon or an acrylic resin. More specifically, as described above, the developer 24 is composed of a
styrene-acrylic resin and thus is negatively charged. Here, if the developer-applying member 50 is composed of a
material which is placed to be easily charged negatively in the electrification series, then the developer 24 resists
charging, thus resulting in a poor preliminary charge and frictional electrification. On the other hand, developer 24 is
overfed when charged positively. Accordingly, in cases where negatively charged developer 24 is subjected to frictional
electrification with one which is placed to be charged more positively than the developer 24 in the electrification series,
the developer 24 receives a full negative charge to produce favorable image quality free of overfed developer. The
desirability of having a different charging tendency from developer 24 also applies to the material for the developer
feed roller 23.
[0263] Also, the developer-applying member 50 of the present example is provided with irregularities formed on the
surface at the side of the developing roller 22 which has a ten-point mean surface roughness RZ on the order of 5 µm.
Here, the relationship between the amount of preliminary charge and the surface roughness which is shown in Fig. 70
teaches that the preliminary charge tends to become poorer in cases where the ten-point mean surface roughness RZ
is 1 µm or less, or 15 µm or more.
[0264] This is because, since developer 24 has a particle size on the order of 8-10 µm, developer 24 slides on the
surface of the developer-applying member 50 to cause poor frictional electrification between the developer 24 and the
developer-applying member 50 and consequent poor preliminary charge in cases where the surface of the developer-
applying member 50 is excessively fine (RZ % 1 µm). Conversely, in cases where the surface of the developer-applying
member 50 is excessively rough (RZ ^ 15 µm), the developer 24 tends to pass through spaces between the irregular-
ities, as shown in Fig. 71, with the same result of poor frictional electrification and poor preliminary charge as in the
case described above.
[0265] On the other hand, in the present example, the developer-layer thickness control member 27 is provided, as
shown in Fig. 67, with a wall face 27a placed in proximity to the developing roller 22, almost vertically or forming an
acute angle with the vertical. This is because, if the wall surface 27a of the developer-layer thickness control member'
27 leans with an obtuse angle from the vertical direction, then the excess developer 24 scrubbed by the developer-
layer thickness control member 27 for control of developer layer thickness moves up along the wall surface 27a and
remains along the wall surface 27a. The developer 24 remaining along the wall surface 27a, being preliminarily charged
once, is destaticized to a lower dielectric constant while being deposited on the wall surface 27a. Therefore, if this
developer 24 sometimes disintegrates, then it is mixed with developer preliminarily charged by the developer-applying
member 50 to cause a non-uniform charge, thus increasing the tendency to produce images with overfed developer.
In order to prevent this, the developer-layer thickness control member 27 in the present example is designed so that
the wall surface 27a in proximity to the developing roller 22 is placed almost vertically, as shown in Fig. 72B. As a
result, the developer 24 which has left the developer-supplying chamber 32 is scrubbed by the developer-layer thick-
ness control member 27 and then returned immediately to the developer-supplying chamber 32 without remaining
along the wall surface 27a. Back ground of developer may be prevented according to this design.
[0266] More particularly, the developer-layer thickness controller member 27 is formed, as shown in Fig. 73, in such
a manner that its section 27b of contact with the developing roller 22 (hereunder sometimes abbreviated to "contact
section") is a replaceable type which may be withdrawn in the longitudinal direction thereof. More specifically, since
the section 27b of the developer-layer thickness control member 27 which is brought into contact with the developing
roller 22 tends to wear out due to the contact, it is required that the entire developer-layer thickness controller member
27 be replaced by a new one once the contact section 27b has worn out. On the other hand, formation of a long-life
developer-layer thickness control member 27 of a highly wear-resistant material causes increase in cost. Therefore,
in the present example, increase in cost is prevented by providing a replaceable contact section 27b.
[0267] Here, the contact section 27b is designed in the present example so that it may be withdrawn in the longitudinal
direction thereof; nonetheless, without being limited to this design, it may be formed so as to allow its withdrawal in
the direction perpendicular to the longitudinal direction.
[0268] The section of the developer-layer thickness control member 27 which is brought into contact with the devel-
oping roller 22 also has irregularities which may be adjusted in the same manner as the irregularities formed on the
surface of the developer-applying member 50.
[0269] More specifically, the surface roughness of and the amount of charge on the section of the developer-layer
thickness controller member 27 which is brought into contact with the developing roller 22 has a relationship as illus-
trated in Fig. 74. Considering the relationship illustrated in Fig. 74, the section is designed to have irregularities with a
ten-point mean surface roughness RZ on the order of 5 µm.
[0270] In the present example, as shown in Fig. 67, for instance, the spacing U between the developer feed roller
23 and the opposing inner wall surface 21a of the cartridge body 21 which is the section facing the developer feed
roller 23 is set to approximately 1 mm. This is partially because the amount of developer supplied to the developer-
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supplying chamber 32 decreases, and consequently the developer packing fraction of the developer-supplying chamber
32 decreases as well in cases where the spacing U is 0.5 mm or less, as shown in Fig. 75 illustrative of the relationship
between the spacing U and the developer packing fraction of the developer-supplying chamber 32. On the other hand,
in cases where the spacing U exceeds 2 mm, there is a drop in the developer pressure from the developer agitation
roller 26 onto the developer feed roller 23, and consequently also a drop in the developer packing fraction of the
developer-supplying chamber 32. For these reasons, as mentioned above, the spacing U is set to approximately 1 mm
in the present example. Although being set to approximately 1 mm in the present example, the spacing U is not restricted
thereto; the relationship illustrated in Fig. 75 suggests that the spacing U preferably is 0.5 - 2 mm, and optimally 0.5 -
1.5 mm.
[0271] The opposing inner wall surface 21a and the surface of the developer feed roller 23 have irregularities with
a ten-point mean surface roughness RZ on the order of 5 µm, as is the case with the developer-applying member 50
and the developer-layer thickness control member 27. As shown in Fig. 76 which illustrates the relationship between
the amount of preliminary charge and the surface roughness, the preliminary charge tends to be poorer contrary to
expectations in cases where the ten-point mean surface roughness RZ is 3 µm or less, or 15 µm or more.
[0272] This is because, since the developer 24 has a particle size on the order of 8-10 µm, developer 24 slides on
the opposing inner wall surface 21a and on the surface of the developer feed roller 23 to cause poor frictional electri-
fication between the developer 24 and the opposing inner wall surface 21a or the developer feed roller 23, and con-
sequently poor preliminary charging in cases where the opposing inner wall surface 21a and/or the surface of the
developer feed roller 23 is excessively fine (RZ % 3 µm). Conversely, in cases where the opposing inner wall surface
21a and/or the surface of the developer feed roller 23 is excessively rough (RZ ^ 15 µm), the developer 24 tends to
pass through spaces between the irregularities, with the same result of poor frictional electrification and consequent
poor preliminary charging as in the case mentioned above.
[0273] Operation of the developer cartridge 20 constructed as described above will now be explained. First, as shown
in Fig. 67, developer 24 stored in the cartridge body 21 is agitated as the developer agitation roller 26 rotates coun-
terclockwise and conveyed to a position above the developer feed roller 23 located thereunder.
[0274] Then, as the developer feed roller 23 rotates clockwise, the developer 24 passes through the space between
the facing inner wall surface 21a of the cartridge body 21 which is the section facing the developer feed roller 23, and
the developer feed roller 23, and is conveyed and supplied under pressure to the developer-supplying chamber 32 at
the side of the developing roller 22.
[0275] In this connection, the relationship between the amount of developer conveyed by the developer agitation
roller 26 and the amount of developer conveyed by the developer feed roller 23 will now be explained.
[0276] In the present example, axial lengths of the developer agitation roller 26 and the developer feed roller 23 are
both 217 mm. The number of rotations of the developer agitation roller 26 was set to 58 rpm, the number of rotations
of the developer feed roller 23 was set to 50 rpm, and further the amount of developer to be conveyed by the developer
agitation roller 26 was set to 45.6 g/min and the amount of developer to be conveyed by the developer feed roller 23
was set to 58 g/min.
[0277] Here, the relationship between developer conveyance ratio I (= amount of conveyance by the developer ag-
itation roller/amount of conveyance by the developer feed roller) and print rate is illustrated in Fig. 77. In practice,
favorable printed image quality is provided at a developer conveyance ratio I of 1 or more, preferably 1.5 or more.
[0278] The amount of developer 24 conveyed by the developer feed roller 23 will now be discussed.
[0279] As shown in Fig. 78, in cases where the developer feed roller 23 is a hexagonal prism with a 8 mm diameter
of the circle circumscribing the prism, approximately 0.76 g of developer 24 is conveyed to the developer-supplying
chamber 32 per rotation of the developer feed roller 23. More specifically, the amount of conveyance by the developer
feed roller 23 is represented by the amount of developer deposited on the diagonally shaded area in Fig. 78, and
calculated to be: cross-section of the diagonally shaded area (cm2) x length of the developer feed roller (cm) x apparent
specific gravity (= 0.32 g/cm3) = 0.76 g.
[0280] On the other hand, the amount of developer deposited on the developing roller 22 is 0.05 g per rotation thereof.
In cases where the total of the amount of developer 24 conveyed by rotation of the developer feed roller 23 and the
amount of developer 24 scrubbed by the tip of the developer-applying member 50 is not sufficient, print white void
occurs when the print rate is high. Therefore, the amount of developer is set to approximately fifteen times, and pref-
erably twenty times or more the amount of developer on the developing roller 22.
[0281] In the above case, the developer conveyance ratio H (amount of conveyance by the developer feed roller/
amount of deposition on the developing roller) is 0.76/0.05 = 15.2 times, and thus the developer 24 in the developer-
supplying chamber 32 has a stablized pressure and allows favorable printing. Conversely, in cases where the print
rate is high, favorable results of printing are yielded in cases where the rotational speed of the developer feed roller
23 is increased or the developer feed roller 23 has a larger diameter to increase the developer conveyance ratio H
twenty-fold or more.
[0282] As shown in Fig. 67, the developer 24 packed in the developer-supplying chamber 32 by pressure from the
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developer feed roller 23 is then conveyed from the point P in the developer-supplying chamber 32 to the point Q nearest
to the developing roller 22 and is pressed by the developer-applying member 50 to be deposited on the surface of the
developing roller 22. Upon arriving at a predetermined point on the top of the developer-layer thickness control member
27 by counter clockwise rotation of the developing roller 22, the excess developer 24 is removed by the developer-
layer thickness control member 27. Here, the developer 24 deposited on the developing roller 22 is charged by friction
with the developer-layer thickness control member 27 and the developing roller 22 and by mutual friction of the devel-
oper 24, and forms an even thin developer layer on the surface of the developing roller 22.
[0283] The developer layer formed on the surface of the developing roller 22 is brought into contact with a photo-
conductor drum 5a placed facing the developing roller 22 by further rotation of the developing roller 22, of which time
the developer 24 is adsorbed on the photoconductor drum 5a to develop the electrostatic latent image formed on the
photoconductor drum 5a.
[0284] In order to return the excess developer 24, which has been cut off by the developer-layer thickness control
member 27, from the point R in the developer-supplying chamber 32 to the side of the developer agitation roller 26,
most preferably a slit 33 or a hole 34 is formed in the developer-applying member 50, as shown in Figs. 80A and 80B.
This prevents the pressure in the developer-supplying chamber 32 from increasing beyond a given value.
[0285] By using a magnetic, one-component type developer it is possible to prevent electrostatic deposition of
charged developer on the developer-applying member 50 in cases where the developer-applying member 50 is formed
of a conductive material. Clogging of the slit 33 or the hole 34 with developer may be prevented by, for example, using
a resin incorporating a conductive material such as carbon, or a metal material such as iron, aluminum or an SUS
material, and further by grounding the developer-applying member 50. In this way, the pressure in the developer-
supplying chamber 32 may be made constant to form an even developer layer on the surface of the developing roller 22.
[0286] On the other hand, in cases where a non-magnetic, one-component type developer is used, developer 24
does not clog the slit 33 and/or the hole 34 even in cases where the developer-applying member 50 is formed of a
conductive material, and a voltage of the same polarity as the charged polarity of the developer 24 is applied across
the developer-applying member 50. The voltage to be applied may be set to -500 V, for example.
[0287] The pressure in the developer-supplying chamber 32 (driving torque of the developing roller 22) and the idle
running time have such a relationship that the initial torque is 0.7 kgfcm in the absence of the slit 33 and increases to
1.3 kgfcm after 10-minute's idle running, as shown in Fig. 81. In addition, the torque increases to 1.0 kgfcm by
10-minute's idle running in cases where five slits 33 are formed, and to 0.8 kgfcm by 10-minute's idle running in cases
where ten slits 33 are formed. This suggests that a greater number of slits 33 results in lower increase in driving torque
of the developing roller 22.
[0288] Here, in practice, since the developer 24 deposited on the developing roller 22 is consumed by printing, the
driving torque of the developing roller 22 is a little lower than the above data.
[0289] The above facts conversely suggests that a lesser amount of developer 24 is consumed for a lower print rate,
and thus the pressure of the developer in the developer-supplying chamber 32 tends to increase. For this reason,
formation of the slit 33 or the hole 34 produces a great effect in cases where the print rate is low.
[0290] As described above, since the developer cartridge 20 for printers according to the present example is shaped
as an arc which curves outward toward the developing roller 22 and which serves as a partition to separate the devel-
oper-layer thickness controller member 27 and the developing roller 22 from the other members in the developer tank
49, developer 24 conveyed by the developer feed roller 23 toward the developing roller 22 has an increased pressure
during passage through the narrow space between the developing roll 22 and the developer-applying member 50 and
applied to the developing roller 22 under the pressure. The layer thickness of the developer 24 applied to the developing
roller 22 is then controlled by the developer-layer thickness control member 27, and excess developer 24 is scrubbed
off. Here, since the developer-applying member 50 is shaped as an arc which provides a large space downstream
from the developer-layer thickness control member 27, it is possible to prevent the developer returned to the down-
stream side of the developer-layer thickness control member 27 from clogging the space even with a large amount of
developer 24.
[0291] The developer-applying member 50 is formed of an elastic material. The pressure of developer in the devel-
oper-supplying chamber 32 tends to become irregular in cases where printing is conducted at alternating higher and
lower print rates; nonetheless, according to the present invention, the elasticity of the developer-applying member 50
is sufficient to absorb the developer pressure, and the pressure of developer in the developer-supplying chamber 32
may therefore be made consistent. More specifically, in cases where the print rate is low, since little developer 24 on
the developing roller 22 is consumed and the rest is returned to the developer-supplying chamber 32, the amount of
developer therein increases. Nonetheless, since the developer-applying member 50 is sufficiently elastic, the devel-
oper-applying member 50 may be pressed apart from the developing roller 22 to widen the space of the developer-
supplying chamber 32. As a result, the developer pressure does not increase, and thus the developer 24 does not
cause clogging.
[0292] In addition, since the developer-applying member 50 and developer 24 are placed distantly in the electrification
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series, frictional electrification between the developer-applying member 50 and developer 24 may be fully conducted
to accomplish sufficient preliminary charging. As a result, later full-scale consistent charging may be accomplished
with the developer-layer thickness control member 27, resulting in consistent image quality free of overfed developer.
Furthermore, since the developer feed roller 23 and developer 24 are placed distantly in the electrification series, the
developer 24 may be fully charged by friction with the developer-applying member 50 when the developer 24 on the
developer feed roller 23 is scrubbed thereby, thus resulting in sufficient preliminary charging.
[0293] In addition, since the developer-applying member 50 has irregularities formed at least on its surface at the
side of the developing roller 22, which are smaller than the particle size of developer 24, the developer 24 is preliminarily
charged by friction during its passage through the irregular section. As a result, consistent image quality free of overfed
developer may be provided.
[0294] On the other hand, since the developer-layer thickness control member 27 is constructed with an angle of
90° or less formed between the axial horizontal surface of the developing roller 22 and the wall portion 27a of the
developer-layer thickness control member 27, developer 24 scrubbed by the developer-layer thickness controller mem-
ber 27 does not remain along the wall surface 27a of the developer-layer thickness control member 27. Accordingly,
flow of developer 24 along the wall surface 27a of the developer-layer thickness control member 27 becomes smooth,
and a lump of developer 24 is not deposited thereon, thus resulting in favorable image quality free of overfed developer.
[0295] In addition, since the section 27b of the developer-layer thickness control member 27 which is brought into
contact with the developing roller 22 is a replaceable type, the worn contact section 27b alone may be replaced without
replacing the entire developer-layer thickness control member 27. The result is reduction in initial and running costs
for the developer-layer thickness controller member 27.
[0296] Also, since the section 27b of the developer-layer thickness control member 27 which is brought into contact
with the developing roller 22 has irregularities smaller than the particle size of developer 24, the developer 24 is charged
by friction with the irregular section. This results in consistent charging of developer 24 and consequent consistent
image quality free of overfed developer. Further, it is possible to avoid charging of only the surface of the developer
layer on the developing roller 22, that is, to prevent the developer layer on the developing roller 22 from having differently
charged lower and upper portions.
[0297] In the present example, the spacing U between the developer feed roller 23 and the facing inner wall surface
21a is set to satisfy the relation: 0.5 mm < U < 2 mm. That is, developer 24 cannot be supplied fully to the developer-
supplying chamber 32 if the spacing U is smaller than 0.5 mm, whereas the developer 24 present in the space cannot
be conveyed by the developer feed roller 23 to the developer-supplying chamber 32 if the spacing U exceeds 2 mm.
In the present example, since the spacing U is set to 0.5 mm < U < 2 mm as mentioned above, a consistent amount
of developer 24 may be supplied to the developer-supplying chamber 32 to provide consistent image quality.
[0298] In addition, since irregularities smaller than the particle size of developer 24 are formed on the outer surface
of the developer feed roller 23 and the opposing inner wall surface 21a, developer 24 is preliminarily charged by friction
when scrubbed by the developer-applying member 50 or during passage along the facing inner wall surface 21a. This
results in consistent image quality free of overfed developer.
[0299] In addition, since the amount of developer 24 to be conveyed by the developer agitation roller 26 is set to be
larger than the amount of developer 24 to be conveyed by the developer feed roller 23, a sufficient amount of developer
24 may be supplied to the developer-supplying chamber 32. As a result, consistent image quality may be established
regardless of the print rate.
[0300] Also, since the amount of developer 24 to be conveyed by the developer feed roller 23 is set to be larger than
the amount of developer 24 to be conveyed by the developing roller 22, a sufficient amount of developer 24 may be
supplied upstream from the developer-layer thickness controller member 27. Therefore, even at higher print rates a
sufficient layer thickness of developer 24 may be ensured on the developing roller 22, upstream from the developer-
layer thickness control member 27.
[0301] In addition, since the developer-applying member 50 has the slit 33 or the hole 34 formed therein which allows
passage of developer 24, it is possible to prevent excessive increase in the pressure of developer in the developer-
supplying chamber 32 which occurs in cases where the print rate is not fixed.

Example 6

[0302] An additional example of the present invention will now be explained with reference to Fig. 82 through Fig.
90. Here, for convenience in explanation only, members in the drawings which have the same functions as those shown
in the drawings referred to in Example 1 through Example 5 described above are identified by like reference characters,
and therefore explanations thereof are omitted.
[0303] In Example 5 described above, the developer-applying member 50 had both the function as a developer-
applying member for applying developer 24 in the developer-supplying chamber 32 to the developing roller 22 and the
function of scrubbing developer 24 on the surface of the developer feed roller 23.



EP 0 715 226 B1

5

10

15

20

25

30

35

40

45

50

55

34

[0304] In the present example, as shown in Fig. 82, a sheet-like developer-applying member 60 affixed to an end of
the cartridge cover 31 is provided, at its tip, with a scrubbing member 45 being in contact with the developer feed roller
23. In the same manner as in Example 5, the developer-applying member 60 is shaped as an arc which curves outward
toward the developing roller 22 and which serves as a partition to separate the developer-layer thickness control mem-
ber 27 and the developing roller 22 from the other members in the developer tank 49.
[0305] The developer-applying member 60 is formed of the same type of elastic material as the developer-applying
member 50 referred to in Example 5 above, and the scrubbing member 45 for scrubbing developer 24 on the surface
of the developer feed roller 23 is shaped as a rectangular prism made of a sponge comprising closed foams smaller
than the particle size of the developer 24. The penetration depth of the scrubbing member 45 in the developer feed
roller 23 may be set to 0.5 - 1 mm, for example. The scrubbing member 45 consisting of a rectangular sponge scrubs
developer 24 in the state shown in Fig. 82 in cases where the scrubbing member 45 is placed on the side of the regular
hexagonal prism, and scrubs developer 24 in the state shown in Fig. 83 in cases where the scrubbing member 45 is
placed on an edge line on the side of the regular hexagonal prism.
[0306] Therefore, developer 24 on the developer feed roller 23 may be scrubbed efficiently. In addition, since the
sponge comprises closed foams smaller than the particle size of developer 24, the developer 24 cannot enter into the
sponge, and thus the developer 24 on the developer feed roller 23 may be scrubbed in a reliable manner. Here, in
cases where the sponge comprises open air voids larger than the particle size of the developer 24, the developer 24
enters into these air voids, thus increasing the weight of the sponge and consequently increasing the torque of the
developer feed roller 23.
[0307] In addition, as shown in Fig. 84, it is also possible to form the developer-applying member 60 of a rigid metal
and to form the scrubbing member 45 of PET. Formation of the developer-applying member 60 of such a rigid metal
allows maintenance of a fixed distance between the developer-applying member 60 and the developing roller 22 at all
times and thus allows consistent preliminary charging all the times. Here, the developer-applying member 60 need not
be formed of a rigid metal, and may also be formed of a rigid resin, for example.
[0308] Further, formation of the scrubbing member 45 of PET allows reliable scrubbing of developer on the developer
feed roller 23 and consistent supply of the scrubbed developer to the developer-supplying chamber 32.
[0309] On the other band, to adapt the Fig. 84 device to one in accordance with the invention, a hole 61 or slit may
be formed in the developer-applying member 60, as shown in Fig. 85A, and a valve 62 which is made of an elastic
material and covers the hole 61 may be provided at the side of the developer agitation roller 26. This valve 62, as
shown in Fig. 85B, is supported at one end and is designed in such a manner that once the pressure of developer in
the developer-supplying chamber 32 increases, the developer 24 having passed through the hole 61 presses the valve
62 to press up on the free end of the valve 62 thereby allowing movement of the developer 24 toward the developer
agitation roller 26. Accordingly, particularly at lower print rates, developer 24 flows out of the developer-supplying
chamber 32 toward the developer agitation roller 26 to maintain a constant developer pressure in the developer-sup-
plying chamber 32.
[0310] In addition, it is also possible to form the developer-applying member 60 as an extension of the cartridge
cover 31 as shown in Fig. 86. This allows reduction in both the parts count and cost.
[0311] Formation of the developer-applying member 60 as an extension of the cartridge cover 31, however, presents
the following problems because the developer-applying member 60 is rigid. That is, supply of developer 24 by the
developer feed roller 23 to the developer-supplying chamber 32 results in the inconvenience of increased developer
pressure in the developer-supplying chamber 32 and consequent increased torque of the developer feed roller 23 and/
or the developing roller 22. There is an additional risk of increasing the torque to the point of locking operation of the
developer cartridge 20 after repeated development.
[0312] As a solution to these problems, a hole 31a may be formed in the extension of the cartridge cover 31, as
shown in Fig. 87. As described above, since this allows flow of developer 24 in the developer-supplying chamber 32
toward the developer agitation roller 26, particularly at lower print rates, the developer pressure in the developer-
supplying chamber 32 may be kept constant.
[0313] Regarding the position at which the hole 31a is formed, although the hole 31a is formed closer to the developer-
layer thickness control member 27 in Fig. 87, in practice it has been found that formation of the hole 31a closer to the
developer feed roller 23 as indicated by the broken line in Fig. 87 results in production of a greater effect of maintaining
a constant developer pressure in the developer-supplying chamber 32. Location of the upper end of the hole 31a above
the section 27b of the developer-layer thickness control member 27 which is brought into contact with the developing
roller 22, however, is a requisite for ready passage of developer 24 through the hole 31a.
[0314] It is also possible to provide an elastic valve 43 which covers the hole 31a, as shown in Fig. 88.
[0315] In addition, as shown in Fig. 89, it is also possible to provide the cartridge cover 31 which serves as the
developer-applying member, with a scrubbing member 45 which may in turn be provided with a contact section 45a
made of a sponge at its tip. This also allows full scrubbing of developer 24 on the developer feed roller 23.
[0316] On the other hand, as shown in Fig. 90, it is also possible to apply a voltage of, for example, -550 V to the



EP 0 715 226 B1

5

10

15

20

25

30

35

40

45

50

55

35

developing roller 22 and to apply a voltage of, for example, -750 V to the developer feed roller 23. Since this helps the
negatively charged developer 24 to be electrically attracted from the developer feed roller 23 to the developing roller
22 so that the developer 24 is deposited thereon, deposition of developer 24 on the developing roller 22 is facilitated.
[0317] As described above, with the developer cartridge 20 for printers according to the present example, it is possible
to maintain a fixed distance between the developer-applying member 60 and the developing roller 22 by forming the
developer-applying member 60 of a rigid body, thus allowing consistent preliminary charging of developer.
[0318] In addition, since the tip of the developer-applying member 60 is provided with the scrubbing member 45
made of an elastic material which is in contact with the developer feed roller 23, the torque of the developer feed roller
23 is not increased by scrubbing.
[0319] In addition, by having the scrubbing member 45 provided at the tip of the developer-applying member 60 as
a rectangular sponge comprising closed foams smaller than the particle size of developer, since the sponge hangs
over the edge lines a little in cases where the developer feed roller 23 is a regular hexagonal prism-shaped roller, all
the developer 24 on the developer feed roller 23 may be scrubbed by the deformable sponge, regardless of whether
the developer 24 remains on the plane surfaces or the edge lines of the regular hexagonal prism.
[0320] In addition, since the scrubbing member 60 for scrubbing developer 24 on the surface of the developer feed
roller 23 is a rectangular sponge comprising foams smaller than the particle size of developer 24, the clogging may be
prevented to ensure scrubbing of developer 24 on the developer feed roller 23 to a satisfactory extent, thus resulting
in more consistent image quality.
[0321] Further, the formation of the hole 61 or the slit in the developer-applying member 60 serves to prevent ex-
cessive increase in developer pressure in the developer-supplying chamber 32 which occurs in cases where the print
rate is not fixed.
[0322] In addition, the provision of the valve 62 which is composed of an elastic material and covers the hole 61 or
the slit on the side facing the developer agitation roller 26 allows, in cases where continuous printing is conducted at
a lower print rate, adjustment of flow of developer 24 by the elastic valve 62 when the increased developer pressure
in the developer-supplying chamber 32 is lowered by discharging the developer 24 through the hole 61 or the slit.
Therefore, regardless of the print rate, the developer pressure in the developer-supplying chamber 32 may be kept
constant with increased accuracy.
[0323] In addition, the formation of the rigid developer-applying member 60 which is in non-contact with the devel-
oping roller 22 as part of the cartridge cover 31 or the like forming the cartridge body 21 results in reduction in both
the parts count and cost.
[0324] The application of a voltage to the developer feed roller 23 formed of a conductive material results in electrical
deposition of developer 24 on the developing roller 22 from the developer feed roller 23. The result is full deposition
of developer 24 on the developing roller 22 which leads to satisfactory charging and consistent image quality free of
overfed developer.

Example 7

[0325] An additional example of the present invention will now be explained with reference to Fig. 91 through Fig.
100 and Fig. 109. Here, for convenience in explanation only, members in the drawings which have the same functions
as those shown in the drawings referred to in Example 1 through Example 6 described above are identified by like
reference characters, and therefore explanations thereof are omitted.
[0326] In the developer cartridge 20 in the present example, as shown in Fig. 91, a rigid developer-applying member
70 is formed as an extension of the cartridge cover 31, with its distal tip provided with a scrubbing member 45 in contact
with the developer feed roller 23.
[0327] In addition, as shown in Fig. 92, a hole 70a is formed in the developer-applying member 70 for circulation of
developer 24 from the developer-supplying chamber 32 to the developer tank 49. This type of developer cartridge 20
was already explained in part in Example 1 through Example 6 above, but it will now be explained again in detail, with
particular reference to modifications of the hole 70a. etc.
[0328] As shown in Figs. 93A and 93B, one or more holes 70a may be formed in the developer-applying member
70. The holes 70a are preferably formed at positions somewhat far from the bend section which is the boundary between
the developer-applying member 70 and the cartridge cover 31. This is because if the holes 70a are formed immediately
at the bend section, then developer 24 easily passes through the holes 70a and moves upward in the developer tank
49, and thus the developer-supplying chamber 32 cannot hold developer 24.
[0329] In addition, these plurality of holes 70a are formed with greater diameters near the axial center of the devel-
oping roller 22 and with smaller diameters near the two axial ends of the developing roller 22. This is because developer
24 supplied by the developer feed roller 23 toward the developing roller 22 tends to concentrate near the axial center
of the developing roller 22. As a countermeasure against this tendency, in the present example the plurality of holes
70a are formed in the developer-applying member 70, and in order to maintain a constant developer density along the
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axial direction of the developing roller 22, the sizes of the holes 70a are varied depending on variation in the developer
density to keep a consistent developer pressure along the axial direction of the developing roller 22, thus resulting in
favorable solid or halftone images with less irregular density. In addition, since there is no need for additional pressure
on the developing roller 22, compact motors of low torque may be used.
[0330] Ribs between the holes 70a and 70a in the developer-applying member 70 preferably have V- or U-sections
tapering toward the developing roller 22, as shown in Figs. 94A and 94B. Therefore, the sectional configuration of the
holes 70a widens toward the developing roller 22.
[0331] Since this sectional configuration of the ribs 71 results in lower frictional resistance between the ribs 71 and
developer 24 during circulation of developer 24 packed in the developer-supplying chamber 32 toward the developer
agitation roller 26, the developer 24 is circulated smoothly, and thus the torque of the driving motor undergoes no
change; compact motors may therefore be used.
[0332] Alternatively, as shown in Fig. 95, the ribs 71 may be inclined with respect to the axial direction of the devel-
oping roller 22 so that the ribs 70a are shaped as triangles. This configuration also contributes to lower frictional re-
sistance between the ribs 71 and developer 24 during circulation of the excess developer 24 in the developer-supplying
chamber 32 toward the developer agitation roller 26, and as a result, since torque of the driving motor undergoes no
change, the developer 24 may be circulated smoothly without causing change in the pressure of the developer 24
packed in the developer-supplying chamber 32. As a result, the developer pressure on the developing roller 22 is made
consistent to produce favorable solid or halftone images with less irregular density.
[0333] Also, as shown in Figs. 96A, 96B and 96C, by providing the ribs 71 shown in Fig. 95 with V- or U-sections
tapering toward the developing roller 22, the frictional resistance between the ribs 71 and developer 24 during circulation
of the developer 24 may be further reduced.
[0334] This is because in cases where the ribs 71 have quadrangular sections, there is a considerable difference in
the pressure of the developer pressure on the developing roller 22 at positions facing places of the ribs 71 and at
positions facing places of the holes 70a. Increased developer pressure results in an increased amount of developer
deposited on the developing roller 22, and consequently, for example, lines are printed more heavily, or prints are
denser than expected. For this reason, prints corresponding to positions of the ribs 71 have irregular density or lines
of varying thickness, resulting in unfavorable image quality. Conversely, as shown in Fig. 98, the difference in pressure
at the two positions is greatly reduced in cases where the ribs 71 have V- or U-sections. Accordingly, the resulting
effect is the production of favorable images.
[0335] Alternatively, as shown in Figs. 99A and 99B, it is also possible to provide a valve body 72, which is made of
an elastic member and serves as a pressure control member, on the developer-applying member 70 at the side of the
developer agitation roller 26 for the holes 70a, with one end bonded to the developer-applying member 70 and the
other end designed as a free end. This elastic valve body 72 is formed of, for example, rubber, acrylic resin, polyeth-
ylene, phosphor bronze, SUS, etc.
[0336] In cases where the pressure in the developer-supplying chamber 32 is lower than a predetermined value, the
pores 70a are sealed by the elastic force of the valve body 72 to maintain the pressure in the developer-supplying
chamber 32. On the other hand, in cases where the pressure in the developer-supplying chamber 32 increases over
the predetermined value, outflow pressure of developer 24 overcomes the elastic force of the valve body 72 to press
up the valve body 72, thereby opening the pores 70a to help the developer 24 flow toward the developer agitation roller
26. Thereafter, in cases where the pressure in the developer-supplying chamber 32 decreases over the predetermined
value, the pores 70a are again sealed by the elastic force of the valve body 72 to maintain the predetermined pressure
in the developer-supplying chamber 32.
[0337] In this connection, as shown in Fig. 100, the respective holes 70a in the developer-applying member 70 may
be provided with respective valve bodies 72 which may have different elastic forces. This configuration allows fine-
tuning of the pressure of developer 24 on the developing roller 22. More specifically, since the amount of developer
24 may be properly adjusted in cases where the conveyance of developer by the developer feed roller 23 has become
unbalanced or the conveyed developer 24 concentrates at the center of the developing roller 22, it is possible to prevent
variation in the pressure of developer 24 packed in the developer-supplying chamber 32, along the axial direction of
the developing roller 22. As a result, the developer pressure on the developing roller 22 becomes consistent, and
favorable solid or halftone images free of irregular density are produced.
[0338] In addition, as shown in Fig. 109, a plurality of parallel ribs 71 may be formed which are inclined with respect
to the axial direction of the developing roller 22 and satisfy the following conditions:

(1) All the ribs 71 have the same width; and
(2) Neighboring holes 70a and 70a have such a relationship that the vertex P1 at the upper acute corner of one
of the holes 70a and the vertex P2 at the lower obtuse corner of the neighboring hole 70a are on an identical
vertical line.
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[0339] If these conditions are satisfied, the holes 70a are rhombuses except that at the two ends of the developer-
applying member 70 they form triangles.
[0340] With the ribs 71 formed in this way, all the holes 70a may have the same open areas, independently of their
points of location along the axial direction of the developing roller 22. This is because, representing the length of the
non-open section as L1 and the length of the open section as L2 in the line segment P1-P2 between the vertex P1 and
the vertex P2, the length of the non-open section and the length of the open section in any line segment Q1-Q2 parallel
to the line segment P1-P2 are always equal to L1 and L2, respectively.
[0341] As a result, even if the ribs 71 are formed to adjust the areas of the openings of the holes 70a for an optimum
developer pressure in the developer-supplying chamber 32, increase in the developer pressure at positions on the
developing roller 22 facing the ribs 71 may be prevented. Consequently, the developer pressure on the developing
roller 22 is made more consistent, and producing more favorable solid or halftone images free of irregular. Table 1
given below lists the results of evaluation of inconsistency of images observed while varying the residual amount of
developer in cases where the pores 70a are formed as shown in Fig. 109. Here, a non-magnetic, one-component type
developer was used, the developing roller 22 was set to have a diameter of 16 mm and a peripheral speed of 32.5
mm/sec, and the photoconductor drum 5a and the developing roller 22 were contacted under pressure with a 0.3 mm
nip. Further, the developer feed roller 23 was set to have a diameter of 12 mm and a peripheral speed of 40 mm/sec.

[0342] As understood from Table 1 given above, it has been confirmed that halftone images maintain consistency
for the residue of developer up to 30%.
[0343] Determination was then made of the proper ratio of areas of open sections of holes 70a to the total of areas
of the open sections of the holes 70a and areas of non-open sections of the ribs 71. Here, a non-magnetic, one-
component type developer was used, the developing roller 22 was formed of conductive urethane rubber with a diameter
of 20 mm, the peripheral speed was set to 45 mm/sec, and an organic photoconductor drum 5a and the developing
roller were contacted under pressure with a 0.2 mm nip. Further, the developer feed roller was shaped as a regular
tetragonal prism with 10-mm sides, and the peripheral speed was set to 25 mm/sec.
[0344] By setting the ratio of the areas of the open sections of the holes 70a to 60-95%, preferably 70-90% under
the above-mentioned conditions, an even developer layer was formed on the developing roller 22 without clogging of
the holes 70a by developer.
[0345] As described above, with the developer cartridge 20 for printers according to the present example, in cases
where excess developer 24 conveyed by the developer feed roller 23 to the developing roller 22 and excess developer
24 scrubbed by the developer-layer thickness control member 27 remain just upstream from the developer-layer thick-
ness control member 27 and the pressure of the developer 24 increases, the excess developer 24 may be returned
toward the developer agitation roller 26 through the holes 70a formed in the developer-applying member 70.
[0346] As a result, the pressure of the developer 24 present just upstream from the developer-layer thickness control
member 27 is lowered, and thus a consistent developer pressure on the developing roller 22 may be maintained,
thereby forming a uniform developer layer on the developing roller 22. Accordingly, favorable solid or halftone images
with less irregular density may be produced. In addition, since there is no need for additional pressure against the
developing roller 22, compact motors of low torque may be used.
[0347] Also, ribs 71 between the holes 70a and 70a in the developer-applying member 70 have V- or U-sections
tapering toward the developing roller 22 so as not to impede flow of developer 24. Therefore, since their frictional
resistance to developer 24 may be minimized during circulation of the developer 24, a consistent developer pressure
may be maintained on the developing roller 22 to provide an even developer layer on the developing roller 22.
[0348] Furthermore, since the ribs 71 are formed in inclination with a given angle with respect to the axis of the
developing roller 22, the frictional forces between the developer 24 and the respective ribs 71 during circulation of the
developer 24 are reduced to allow smooth discharge of the developer 24, and thus a consistent developer pressure
is maintained on the developing roller 22 to produce an even developer layer on the developing roller 22.
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[0349] In addition, a pressure-adjusting valve body 72 which may cover the holes 70a is provided on the developer-
applying member 70 at the side of the developer agitation roller 26. Therefore, a consistent developer pressure may
be maintained on the developing roller 22 because the developer pressure may be fine-tuned during circulation of
developer 24.
[0350] In addition, the valve body 72 is formed of an elastic material and functions depending on the pressure of the
developer 24 so that the holes 70a are sealed at pressures lower than the predetermined value, whereas the developer
24 is allowed to flow out through the holes 70a at pressures higher than the predetermined value. Therefore, a consistent
developer pressure may be maintained on the developing roller 22 because the developer pressure may be fine-tuned
during circulation of developer 24.
[0351] Furthermore, the plurality of valve bodies 72 provided in the axial direction of the developing roller 22 may
be separately adjusted for pressure to produce a uniform developer layer along the axial direction of the developing
roller 22.

Example 8

[0352] An additional example of the present invention will now be explained with reference to Fig. 101 through Fig.
108. Here, for convenience in explanation only, members in the drawings which have the same functions as those
shown in the drawings referred to in Example 1 through Example 7 above are identified by like reference characters,
and therefore explanations thereof are omitted.
[0353] The developer cartridges 20 for printers according to Example 1 through Example 7 above have a problem
of leakage of developer 24 in the developer tank 49 through the open section of the developing roller 22 in the cartridge
body 21 after it has moved between the developer feed roller 23 and the opposing inner wall surface 21a, through the
developer-supplying chamber 32 and then between the developing roller 22 and the developer-layer thickness control
member 27, before the developer cartridges 20 are used, as shown in Fig. 101. In order to solve this problem, therefore,
it becomes necessary to provide additional functions by means of, in addition to a shipment cover 58, a cushioning
material 59 between the shipment cover 58 and the developing roller 22, etc., as one of parts needed for shipment,
and this presents the problem of increased cost.
[0354] Therefore, in order to solve these problems, the present example involves improvements which utilize the
developer-applying member.
[0355] More specifically, the developer cartridge 20 of the present example, is designed, as shown in Fig. 102, in
such a manner that, before it is used, the developer-applying member 80 is shaped as an arc which curves outward
toward the developing roller 22 and extends from the cartridge cover 31 to the wall surface of the cartridge body 21
as a partition for completely separating the developer agitation roller 26 from the developer feed roller 23 and the
developing roller 22.
[0356] The developer-applying member 80 is formed of a flexible sheet of a resin material and is mounted onto the
cartridge cover 31 in a slidable manner, whereas the section of the developer-applying member 80 which overlies the
cartridge cover 31 bears a pair of roughly triangle-section anchor protrusions 81, 81 to allow the developer-applying
member 80 to be mounted on that section. In addition, a fixing section 82 for fixing the tip of the developer-applying
member 80 is formed on the wall of the cartridge body 21.
[0357] As also shown in Fig. 103, the developer-applying member 80 has, on both ends along its longer direction,
two protrusions 83, 83 which are engageable with the developer agitation roller 26 and further a pair of anchor holes
84, 84 into which the anchor protrusions 81, 81 fit.
[0358] On the other hand, as shown in Fig. 104, both inner side walls of the cartridge body 21 of the developer
cartridge 20 are provided with a projecting guide section 85 which supports and guides the developer-applying member
80 in a slidable manner. The developer-applying member 80 is designed so that both its ends fit in the channel formed
in the guide section 85, thus allowing movement of the developer-applying member 80 therein in a slidable manner.
[0359] Also, the developer-applying member 80 is designed in such a manner that it is fixed when the developer-
applying member 80 moves upward in the channel in the guide section 85 in a slidable manner and the anchor pro-
trusions 81, 81 fit in the anchor holes 84, 84 in the developer-applying member 80. Further, as shown in Fig. 105, the
developer-applying member 80 is positioned in advance so that in that fixed state the other end of the developer-
applying member 80 rests on the periphery of the developer feed roller 23.
[0360] On the other hand, as shown in Fig. 106, the shaft 26e of the developer agitation roller 26 is formed extending
through the bearing 26f to outside the wall of the cartridge body 21, with a first gear 86 and a second gear 87 mounted
on the extension outside the wall. As shown in Fig. 107, when the developer cartridge 20 is mounted in the apparatus
body 1, the first gear 86 is engaged with a driving gear 88 of the apparatus body 1 to allow driving of the developer
agitation roller 26.
[0361] On the other hand, when the developer cartridge 20 is mounted in the apparatus body 1, the second gear 87
is engaged with a rack gear 89 provided on the apparatus body 1; the second gear 87 rotates in response to insertion
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and movement of the developer cartridge 20, and consequently the developer agitation roller 26 is driven to rotate by
rotation of the shaft 26e. Here, as shown in Fig. 102, the rotation of the developer agitation roller 26 causes the developer
agitation roller 26 to be brought into contact with and press up the protrusions 83, 83 of the developer-applying member
80 until the distal end of the developer-applying member 80 moves to a usable state in contact with the developer feed
roller 23, as shown in Fig. 105. At the completion of mounting of the developer cartridge 20, as shown in Fig. 107, the
second gear 87 is disengaged from the rack gear 89, and instead, the first gear 86 is engaged with the driving gear
88. Accordingly, with the configuration described above, when the developer cartridge 20 is mounted in the apparatus
body 1, the developer agitation roller 26 rotates to press up the developer-applying member 80 to set the latter to a
usable state.
[0362] In the case described above, the extension of the shaft 26e of the developer agitation roller 26 is provided
with the second gear 87 which engages with the rack gear 89 in such a manner that the developer-applying member
80 is automatically pressed up when the developer cartridge 20 is mounted in the apparatus body 1, but the mechanism
is not limited thereto.
[0363] That is, as shown in Fig. 108, for example, it is possible, after the first gear 86 is provided around the extension
of the shaft 26e, to form an engaging section 91 for engaging a rotation lever 90 at the distal end of the extension.
[0364] With this configuration, when the developer-applying member 80 is pressed up, the rotation lever 90 may be
engaged with the engaging section 91 to be rotated, thereby rotating the developer agitation roller 26.
[0365] Operation of the developer cartridge 20 constructed as described above will now be explained.
[0366] First, when the developer cartridge 20 is in a not-yet used state or in a factory-shipped state, the developer-
applying member 80 is provided in a state extending from the cartridge cover 31 to the fixing section 82 of the cartridge
body 21, as shown in Fig. 102. This configuration prevents leakage of developer 24 out of the developer cartridge 20,
because the developer-applying member 80 completely separates the developer tank 49 from the developing roller 22
which communicates with the outside.
[0367] Further, when the developer cartridge 20 is mounted in the apparatus body 1, the second gear 87 of the
developer feed roller 23 is engaged with the rack gear 89 of the apparatus body 1, as shown in Fig. 107, to rotate the
developer agitation roller 26. As shown in Fig. 102, during the first rotation of the developer agitation roller 26 the
developer agitation roller 26 is brought into contact with the protrusions 83, 83 of the developer-applying member 80,
and the developer-applying member 80 is pressed up to the position shown in Fig. 105 as the developer agitation roller
26 rotates. Upon disengagement of the proximal end of the developer agitation roller 26 from the protrusions 83, 83,
the anchor holes 84, 84 of the developer-applying member 80 fit over the anchor protrusions 81, 81 to fix the developer-
applying member 80. In this state, the distal end of the developer-applying member 80 is in contact with the developer
feed roller 23, and the developer cartridge 20 may be used. In other words, in this state, developer 24 agitated by the
developer agitation roller 26 is conveyed by the developer feed roller 23 toward the developing roller 22.
[0368] As described above, the developer cartridge 20 for printers according to the present example is designed so
that the inside of the developer cartridge 20 is completely partitioned by the developer-applying member 80 into the
region of the developer agitation roller 26 and the region of the developing roller 22 and the developer feed roller 23
until the developer cartridge 20 is mounted in the apparatus body 1. Therefore, there is no risk of leakage of developer
24 out of the developer cartridge 20.
[0369] Conversely, during the first use after the developer cartridge 20 has been mounted in the apparatus body 1,
the first rotation of the developer agitation roller 26 brings the proximal end of the developer agitation roller 26 into
contact and engagement with the protrusions 83, 83 to move the developer-applying member 80 upward until the distal
end of the developer-applying member 80 is brought into contact with the periphery of the developer feed roller 23.
The developer-applying member 80 is then fixed in this state which allows use of the developer cartridge 20. In other
words, in this state, the developer 24 agitated by the developer agitation roller 26 is conveyed by the developer feed
roller 23 toward the developing roller 22.
[0370] Accordingly, leakage of the developer 24 in the developer cartridge 20 through the developing roller 22 com-
municating with the outside may be prevented until the developer cartridge 20 is mounted in the apparatus body 1,
and further there is no need to additionally provide the open section with a lid or the like, and this results in reduction
in the parts count and consequently in cost. In addition, the developer cartridge 20 is easy to handle because when it
mounts and rotates the developer agitation roller 26, it is automatically in a usable state.
[0371] Furthermore, the developer cartridge 20 according to the present example is designed in such a manner that
upon insertion into the apparatus body 1, the developer cartridge 20 is engaged with the rack gear 89 which is the
rotation-driving means of the apparatus body 1 to rotate the developer agitation roller 26 a given turn. Since higher
torque than that of normal rotation is needed in order to move the developer-applying member 80 at the start of rotation
of the developer agitation roller 26, the prior art requires operation to vary the torque of the developer agitation roller
26. Nonetheless, the above design in the present example allows rotation of the developer agitation roller 26 while
only relying on the force of insertion of the developer cartridge 20 for its mounting.
[0372] Further, since the developer agitation roller 26 may be rotated from outside the cartridge body 21 by operation
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with the special-purpose rotation lever 90, the developer agitation roller 26 may be manually rotated without varying
the torque of the developer agitation roller 26.
[0373] An additional aspect of the present invention will now be explained with reference to Fig. 110 through Fig. 112.
[0374] Fig. 110 illustrates an embodiment of the developing device according to the present invention which is used
for xerography-based image forming apparatuses. Fig. 111 is a front view which illustrates the state of contact under
pressure of a developing roller which constructs the developing device and a controller member which controls the
amount of developer to be deposited on the developing roller, and Fig. 112 is a schematic view of an image forming
section which illustrates an application of the developing device of the present invention to a laser printer as an image
forming apparatus.
[0375] The developing device according to the present invention not only may be applied to the laser printer shown
in Fig. 112, but also may be used as developing means for image forming apparatuses which visualize (develop) the
formed latent image with developer.
[0376] In Fig. 112, 401 indicates a photoconductor which is a recording medium shaped as a cylinder (drum), and
the photoconductor 401 is driven to rotate at a given speed in the direction indicated by the arrow when an image is
formed. Various devices necessary for forming images are placed around the photoconductor 401.
[0377] In the drawing, 402 is a charger for uniformly charging the surface of the photoconductor 401; 403 is a laser-
beam irradiation device for projecting an optical image onto the charged surface of the photoconductor 401; 404 is a
developing device for visualizing an electrostatic latent image formed on the surface of the photoconductor 401; 405
is a transfer roller for transferring a developed image or a developer image onto paper sheet which is appropriately
conveyed; and 406 is a cleaning device for removing developer remaining on the surface of the photoconductor 401
after transfer, in preparation for formation of the next image.
[0378] The laser-beam irradiation device 403 converts image information inputted from the outside to optical infor-
mation, based on control signals from a microcomputer 407 for controlling the entire laser printer, to project an optical
image based on the optical information onto the surface of the photoconductor 401 as laser light, wherein a semicon-
ductor laser is driven under control by a control circuit 408. With this configuration, an electrostatic latent image of
charge corresponding to the projected optical image is formed on the surface of the photoconductor 401. Developer
is deposited on this electrostatic latent image and developed by the developing device 404 in the next stage. Here,
the developer has a charged polarity set so as to allow its deposition on the area irradiated with light.
[0379] The image formed as described above or a developer image is transferred onto paper which is appropriately
conveyed, in an electrostatic manner through application of a voltage to the transfer roller, the paper is peeled off from
the photoconductor 401 and conveyed outside the image forming apparatus after passing through a fixation device
(not shown).
[0380] The developing device 404 used for the image forming apparatus constructed as described above is designed
to convey, for example, one-component type non-magnetic developer 440 to the developing region facing the photo-
conductor 401, as shown in Fig. 110. The developing device 404 is provided with, all in a rotatable manner in a developer
tank 441 for storing developing developer 440, an agitation member 442 for agitating and conveying the stored devel-
oper 440; a supplying member 443 for supplying the developer 440 conveyed by the agitation member 442 onto a
developing roller 444; a developing roller 444 for conveying the developer 440 supplied to the developing region facing
the photoconductor 401; and a control roller 445 for controlling the amount of the developer 440 to be applied to the
developing roller 444.
[0381] Rotating shafts of the agitation member 442, the supplying member 443, the developing roller 444 and the
control roller 445 are supported on the inner side wall of the developer tank 441 in a rotatable manner; as shown in
Fig. 111, torque is transferred as necessary, via transferring means such as a clutch from a motor as the driving source
to the driving gear 444b fixed at one end of the rotating shaft 444a of the developing roller 444 projecting into the
developer tank 441. A follower gear 445b which is engaged with the driving gear 444b is fixed to the rotating shaft
445a of the control roller 445, and rotates in the opposite direction of the rotation of the developing roller 444. Therefore,
at the section of contact between the developing roller 444 and the control roller 445, the peripheries are driven to
rotate for movement in the same direction.
[0382] Also, since the agitation member 442 and the supplying member 443 are rotated in the direction indicated in
the drawing, power is transferred via a follower gear (not shown) which is engaged with the driving gear 444b of the
developing roller 444.
[0383] In addition, since the inside of the developer tank 441 constitutes a path for circulation of developer 440, there
is provided an applying member 446 which functions as a partition in the developer tank; here, the applying member
446 is the partition between the developing roller 444 and the agitation member 442. This applying member 446 is
placed apart far from the developing roller 444 with a spacing S, and to its tip is fixed a scrubbing member 447 composed
of a film of polyethylene terephthalate (PET). The distal end of the scrubbing member 447 extends to the periphery of
the supplying member 443 and scrubs developer 440 deposited on the supplying member 443, and in the same manner
as the applying member 446, serves to separate the developer 440 supplied from the agitation member 442 from the
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developer 440 stored in the region of the agitation member 442.
[0384] As shown in Fig. 111, the control roller 445 is contacted with the developing roller 444 under pressure of a
given load, and this contact under pressure controls the amount of developer 440 deposited on the developing roller
444 to a given amount of application. The chamber confined by the control roller 445, the developing roller 444 and
the applying member 446 is a reservoir 448 for temporary storage of developer conveyed from the supplying member
443 via the narrow region between the applying member 446 and the developing roller 444. In order to prevent the
pressure of developer 440 in the reservoir 448 which is successively supplied thereto from increasing over a prede-
termined value, an opening 449 is formed in the applying member 446 for returning developer 440 to the developer
storage region around the agitation member 442 in the developer tank 441. As described above, the developer sub-
jected to agitation by the agitation member 442 is conveyed via the supplying member 443, along the circulation path
comprising the space S between the developing roller 444 and the applying member 446 and then the reservoir 448,
and the excess developer not used to apply the developing roller 444 is circulated toward the agitation member 442
through the opening 449.
[0385] As shown in Fig. 111, the control roller 445 biases both ends of the rotating shaft 445a toward the developing
roller 444 with springs 450 so as to press against the developing roller 444 at a given load. Each spring 450 is fixed
at one end to the mounting member 451 which is in turn fixed to the developer tank 441, and is placed in contact with
the rotating shaft 445a of the control roller 445 at the other end, thus pressing the control roller 445 against the devel-
oping roller 444.
[0386] In the developing device 404 constructed as described above, developer 440 agitated and conveyed by the
agitation member 442 is supplied to the developing roller 444 by the supplying member 443 via a passage at the bottom
of the developer tank 441. The developer 440 supplied by the supplying member 443 is sent to the narrow region
(space S) between the developing roller 444 and the applying member 446. The supplying member 443 is scrubbed
by a scrubbing member 447. The developer 440 is pressed as it passes through the narrow space S and applied to
the developing roller 444. Here, since the developer 440 is compressed, the developer is firmly applied to the developing
roller 444, and frictional electrification is accomplished simultaneously.
[0387] The developer 440 which has passed the narrow space S between the developer roller 444 and the applying
member 446 is temporarily stored in the reservoir, and once the pressure of the developer 440 therein which is suc-
cessively supplied thereto increases over the predetermined value, the developer 440 is returned to the developer
storage region around the agitation member 442 via the opening 449 formed in the applying member 446. The developer
440 in the reservoir 448 is compressed by the successively supplied developer 440 and charged by friction during
rotation on the developing roller 444. Here, a consistent developer pressure is maintained because the reservoir 448
has a fixed volume, and once the pressure of the developer 440 therein increases over the predetermined value as a
result of increase in the supplied amount, the excess developer 440 is returned toward the agitation member 442
through the opening 449. In this way, the amount of developer 440 applied to the developing roller 444 is made con-
sistent, while simultaneously accomplishing contact frictional electrification.
[0388] On the other hand, the amount of developer 440 applied to and deposited on the developing roller 444 is
controlled by the rotating control roller 445. More specifically, being increased to a given pressure in the reservoir,
developer 440 having a consistent thickness is applied to the developing roller 444. The developer is again controlled
for the consistent thickness by rotation of the control roller 445 and then conveyed to the region of development which
faces the photoconductor 401.
[0389] Here, at the facing section the control roller 445 rotates in the same direction as the direction of conveyance
of the developer 440, i.e., the direction of rotation of the developing roller 444, the friction with the developer 440 is
lowered, and unwanted energy consumption such as generation of heat at the section of contact with the developer
440 is minimized, thus efficiently controlling the amount of the developer 440 applied to the developing roller 444 to
the consistent value. Therefore, there is no risk of causing fusion of the developer to the control roller 445 due to
unwanted generation of heat.
[0390] More specifically, it is possible to prevent generation of heat which may cause fusion of the developer 440 to
the control roller 445, and naturally irregularities resulting from the fusion of the developer 440 are not formed on the
surface of the control roller 445, thus eliminating the cause of impairing consistent application of the developer 440.
Should the developing developer 440 be deposited on the control roller 445, since the control roller 445 rotates, its
section of contact with the developer 440 applied to the developing roller 444 changes constantly, and thus there is no
chance that the developer 440 is inconsistent along the entire periphery of the developing roller 444 except at a few
inconsistent sections; the entire periphery of the developing developer 444 may be applied almost consistently.
[0391] This results in substantial expansion of the area of the control roller 445 which faces the developing roller
444 to allow further control of the amount of the applied developer, thus establishing a thinner and more consistent
layer of the developer on the developing roller 444.
[0392] Here, in cases where the rotational speed of the control roller 445, particularly the speed of the periphery
(peripheral speed) of the control roller 445, is set to be higher than the speed of the periphery (peripheral speed) of
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the developing roller 444, sections of the control roller 445 which control the developer 440 on the developing roller
444 gradually shift so that sections of the control roller 445 successively control portions of the developer 440 already
controlled by other sections; consequently, possible irregular application by partial irregular sections on the control
roller 445 may be corrected for consistent application by control by the other sections. In other words, in cases where
the control roller 445 and the developing roller 444 have an identical peripheral speed of rotation, the same section of
the control roller 445 controls the same section of the developing roller 444 at all times. In cases where the peripheral
speed of the control roller 445 is higher, however, since different sections of the control roller 445 contact with the same
section of the developing roller 444, the area (region) of control of the amount of application to the developing roller
444 increases, and thus unevenly applied sections which may be present partially are corrected into evenly applied
sections as the control roller 445 rotates.
[0393] The same effect is produced by setting the peripheral speed of the control roller 445 to be lower than the
peripheral speed of the developing roller 444, because the sections of the control roller 445 which control the developer
440 deposited on the developing roller 444 gradually shift; a greater area (peripheral area in the direction of rotation)
of control by the control roller 445 is, however, established in cases where the control roller 445 has a higher peripheral
speed.
[0394] Here, in order to rotate the control roller 445 at a higher speed than the developing roller 444, as shown in
Fig. 111, for example, the speed ratio of the two may be easily adjusted by proper setting of the gear ratio between the
follower gear 445b fixed around the rotational shaft 445a of the control roller 445 and the driving gear 444b fixed around
the rotational shaft 444a of the developing roller 444. More specifically, the peripheral speed of rotation of the control
roller 445 may be increased by setting the number of gear teeth of the follower gear 445b to be smaller than that of
the driving gear 444a; the speed may be adjusted as desired by changing the perimeter of the roller 445.
[0395] Alternatively, in cases where the developing roller 444 and the control roller 445 are driven to rotate with
separate driving sources, that is, separately provided driving motors, the peripheral speeds of the developing roller
444 and the control roller 445 may be easily set as desired by controlling the rotational speeds of the driving motors,
without setting the speed ratio with the driving members.
[0396] The developing roller 444 is formed of an elastic material such as rubber so as to allow proper application of
developer 440 and contact with the photoconductor 401 with a desired nip. The material for the developing roller 444
is, for example, a conductive elastic material such as urethane rubber, silicone rubber, NBR rubber, etc. In addition,
the rubber which is used to form the developing roller 444 preferably has an Asker C hardness of 50-90; in cases where
the rubber is more rigid, it is difficult to have a nip between the roller 444 and the photoconductor 401, whereas in
cases where the rubber is less rigid, the amount of applied developer 440 varies. The enumerated materials are used
with advantages in cases where the developer 440 to be used is a non-magnetic, one-component type.
[0397] In cases where the developer 440 is a magnetic, one-component type, however, since the developing roller
444 must adsorb the developer 440 through magnetic force, it is composed of, instead of the aforementioned materials,
a magnet with a plurality of magnetic properties in a cylindrical rotary sleeve made of non-magnetic aluminum, stainless
steel or the like. This allows magnetic deposition of developer 440 on the rotating sleeve without requiring the afore-
mentioned applying member 446, etc. and also simultaneous control of the deposited developer 440 by the rotation-
control roller 445 for a consistent amount of application.
[0398] Use of non-magnetic, one-component type developer 440 will now be explained. The resistance of the de-
veloping roller 444 preferably is 104-108 Ωcm, and most preferably is 106-107 Ωcm. This is because the charge of the
charged developer is released at lower resistance, and thus resistance which does not allow discharge is preferable.
Conversely, in cases where the resistance is excessively high, the charged developer 440 may be deposited on non-
image regions, i.e., regions to which the developer 440 should not be deposited, because a developing bias voltage
is applied across the developing roller 444. Here, in cases where the resistance of the developing roller 444 is incon-
sistent, the image has inconsistencies in density which are due to variations in the resistance. Therefore, it is effective
to use a dispersion of a conductive material in rubber which has consistent resistance. Any material with good dispers-
ibility may be used as the dispersoid conductive material.
[0399] In addition, the material for the control roller 445 which controls the amount of application to the developing
roller 444 is one with excellent wear-resistance, and preferably is ceramic or glass, for example.
[0400] The feed member 443 which supplies developer 440 to the developing roller 444 is a roller having a regular
polygonal section. For the same reason as given in the explanation with reference to Fig. 5, the polygon has 3 or more,
preferably 5-8 angles.
[0401] In cases where the load pressing the control roller 445 against the developing roller 444 is excessively low,
the capacity of control is reduced, and the developer may spout at the controlling position. Conversely, in cases where
the load is excessively high, the developer tends to be fused to the control roller 445. Accordingly, the load of the
control roller 445 on the developing roller 444 preferably is on the order of 500-2000 gf, and most preferably on the
order of 700-1200 gf.
[0402] Outstanding effects of the present invention will now be explained with some additional examples given below.
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Example 9

[0403] The developing roller 444 used had a diameter of 16 mm and was made of urethane rubber having resistance
of 107 Ωcm and an Asker C hardness of 70. The developing roller 444 was placed near the photoconductor 401 with
a 0.3 mm nip (determined on the width of the section in contact with the photoconductor, i.e., the peripheral length of
that section). The peripheral speed of the developing roller 444 in this state was set to 32.5 mm/sec.
[0404] The control roller 445 with a diameter of 10 mm, made of a ceramic, was placed in contact with the developing
roller 444 under pressure of a load of 800 gf and was set to a peripheral speed of rotation of 35 mm/sec. This peripheral
speed of rotation was adjusted by appropriately setting the gear ratio between the driving gear 444b and the follower
gear 445b, as shown in Fig. 111.
[0405] For comparison with the developing device of the present invention, a comparative example which was a
fixed, non-rotatable, prism-shaped control roller made of aluminum was pressed, at a load of 1 kgf, against a developing
roller 444 with the same structure as the developing roller used in the present example.
[0406] For both the present example and the comparative example, the developer tank 441 had the configuration
shown in Fig. 110, and the feed member 443 had a heptagonal-section with a 15 mm diameter of the circle circum-
scribing the prism and a peripheral speed of 40 mm/sec.
[0407] Table 2 given below lists the results of the comparative example, and Table 3 lists the results of the present
example. Here, the developer used was non-magnetic, one-component type developer.

[0408] As shown clearly above, the amount of application to the developing roller 444 was consistent at all times
when controlled by the control roller 445 according to the present invention, and the time to replacement of the control
roller 445 may be postponed by about four times as evidenced by favorable printing of 20 kilocopies when compared
with 5 kilocopies which indicate replacement of the control roller according to the prior art. Thus the control roller 445
of the present invention may be used for a long period of time.
[0409] With the prior art prism-shaped control roller, the halftone images had streaks when approximately 5 kilocopies
were printed; this shows that consistency in the amount of peripheral application of developer was lost. On the other
hand, with the control roller 445 of the present invention, no streaks were formed until approximately 20 kilocopies
were printed, and this clearly demonstrates that consistent application had been performed at all times.
[0410] Here, since the developing roller 444 is in contact with the control roller 445 which controls the layer thickness
of developer 440, at a given load at all times, it is an important requirement that the developing roller 444 be made of
a rubber material which has a reduced tendency of being permanently distorted. Since the control roller 445 is a control
member, it can solve the problem of distortion unlike a control member having prism shape.

Example 10

[0411] The developing roller 444 used had a diameter of 20 mm and was made of silicone rubber having resistance
of 106 Ωcm and an Asker C hardness of 60. The developing roller 444 was placed near the photoconductor 401 with
a 0.15 mm nip. The peripheral speed of the developing roller 444 in this state was set to 25 mm/sec.
[0412] The control roller 445 with a diameter of 10 mm, made of iron, was placed in contact with the developing roller
444 under pressure of a load of 800 gf on the developing roller 444 and was set to a peripheral speed of rotation of

Table 2

Image/ Printed copies 1 k 5 k 10k 20 k

Halftone Favorable Some streaks Stripped at both ends 50% stripped

Solid Prints Favorable Favorable Some streaks, but favorable Skipped at both ends

Characters Favorable Favorable Some streaks, but favorable Skipped at both ends

(k = kilocopies)

Table 3

Image/Printed copies 1 k 5 k 10 k 20 k

Halftone Favorable Favorable Favorable Some streaks

Solid Favorable Favorable Favorable Favorable

Letters Favorable Favorable Favorable Favorable
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35 mm/sec.
[0413] In addition, as shown in Fig. 113, there was provided a cleaning member 451 made of a urethane sponge
which was brought into contact with the control roller 445 after control of the amount of developer to be applied to the
developing roller 444 to a constant value, to remove the developer 440 deposited on the surface of the control roller
445. The load on the cleaning member 451 pressing against the control roller 445 was set to 50-200 gf. The feed
member 443 used to supply developer 440 was the same as the one used in Example 9.
[0414] With the configuration described above, the same effects as produced in Example 9 were produced, and
further there was no risk of deposition of developer 440 on the control roller 445 which causes variations in the amount
of applied developer 440, because the developer 440 deposited on the control roller 445 was removed by the cleaning
member 451. The results are shown in Table 4 below.

[0415] As shown in Table 4 above, since the amount of developer 440 deposited on the control roller 445 may be
reduced by the cleaning member 451, the amount of developer applied to the developing roller 444 may be constant
at all times. An additional effect is the prolonged life of the control roller 445.

Example 11

[0416] Used in this example was one-component type magnetic developer, but not one-component type non-mag-
netic developer.
[0417] Since magnetic developer was used, the developing roller 444 was composed of a triple-pole magnet with a
magnetic force of 600 G in a cylindrical rotary sleeve with a diameter of 20 mm, made of aluminum. The gap between
the sleeve of the developing roller 444 and the photoconductor used, for example, a selenium photoconductor 401,
was maintained at 200 µm. The peripheral speed of the rotary sleeve in this state was set to 50 mm/sec.
[0418] A control roller 445 with a diameter of 10 mm, made of aluminum, was brought into contact with the developing
roller 444, more specifically its rotary sleeve, at the same load as in Example 9, and the peripheral speed of rotation
in this state was set to 50 mm/sec.
[0419] The feed roller 443 which supplied developer 440 in the developer tank to the developing roller 444 had a
heptagonal section with a 15 mm diameter of the circle circumscribing the section, and its peripheral speed of rotation
was set to 40 mm/sec to supply the developer.
[0420] Even in the above case where one-component type magnetic developer was used, the amount of developer
applied to the surface of the rotary sleeve constituting the developing roller 444 was consistent as well, thus resulting
in consistent development.
[0421] Since the control roller 445 was made of aluminum and grounded, no charged developer 440 was electro-
statically deposited on the control roller 445, and thus the amount of developer 440 deposited on and fused to the
control roller 445 was reduced.
[0422] Here, although a developing bias voltage was applied between the developing roller 444 and the photocon-
ductor 401, no problems such as leakage were observed during the experiment, because the control roller 445 was in
contact with the developing roller 444 via the developer 440. Alternatively, the control roller 445 may be grounded via
a high-resistance element to thoroughly solve the problem of leakage.
[0423] The material for the control roller 445 may be a metal material such as iron or stainless steel instead of
aluminum, and may be grounded, or it may be a resin or the like which incorporates conductive carbon, etc. Iron, being
a ferromagnetic material which tends to adsorb magnetic developer, is not a very appropriate material. In cases where
the developer 440 is one-component type non-image developer, however, the control roller 445 may be made of iron.
[0424] Although the control roller 445 was set to have the same peripheral speed of rotation as the rotary sleeve of
the developing roller 444 in the above example, the effect of controlling the amount of the deposited developer 440, i.
e., the effect of consistent application may be enhanced by setting the speed of rotation of the control roller 445 to be
higher or lower than that of the rotary sleeve of the developing roller 444.

Example 12

[0425] A developing roller 444 with a diameter of 20 mm, made of conductive urethane rubber, was placed adjacent
to a photoconductor 401 with an organic photoconductive (OPC) layer serving as the photoconductive layer, with a

Table 4

Print time 1 hr. 5 hrs. 10 hrs. 20 hrs.

Without urethane 5 mg 20 mg 30 mg 50 mg
With urethane 2 mg 3 mg 10 mg 15 mg
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consistent 0.2 mm nip. The peripheral speed of rotation of the developing roller 444 in this state was set to 70 mm/sec.
[0426] A control roller 445 with a diameter of 10 mm, made of aluminum, was brought into contact with the developing
roller 444 at a load of 800 gf, and its peripheral speed of rotation was set to 50 mm/sec.
[0427] The feed roller 443 for loading developer 440 in the developer tank 441 into the developing roller 444 had a
heptagonal section with a 15 mm diameter of the circle circumscribing the section and a peripheral speed of rotation
set to 40 mm/sec.
[0428] A voltage of -500 V of the same polarity as the negatively charged non-magnetic, one-component type de-
veloper 440 was applied across the control roller 445 constructed as described above, with power supply means 409
shown in Fig. 112, for example.
[0429] As a result, the charged developer 440 was no longer electrostatically adsorbed on the control roller 445 or
fused to the control roller 445. Here, the photoconductor 401, after being negatively charged, was irradiated with a
laser to form laser-irradiated, discharged sections of latent images corresponding to image portions such as characters
or graphics, and a bias voltage of, for example, -300 V was applied from a power supply 410 across the developing
roller 444 to electrostatically adsorb the negatively charged developer 440 on the laser-irradiated sections, as shown
in Fig. 112.
[0430] In this case, there is no chance of discharge of the charged developer 440 through the control roller 445.

Example 13

[0431] In this example, the rotational speed of the control roller 445 was varied. The developer 440 was the developing
non-magnetic, one-component type developer.
[0432] A developing roller 444 with a diameter of 20 mm, made of conductive urethane rubber, was placed adjacent
to a photoconductor 401 with an organic photoconductive (OPC) layer serving as the photoconductive layer, with a 0.2
mm nip. The peripheral speed of rotation of the developing roller 444 in this state was set to 45 mm/sec.
[0433] A control roller 445 with a diameter of 10 mm, made of cylindrical aluminum, was brought into contact with
the developing roller 444 at a load of 800 gf. Experiments were conducted on variation in the state of the applied
developing roller 444 and in the amount of developer 440 deposited on the control roller 445 while varying the peripheral
speed of rotation of the control roller 445.
[0434] The feed roller 443 had a tetragonal section with a 10 mm diameter of the circle circumscribing the section,
and its peripheral speed was set to 25 mm/sec to supply developer 444 to the developing roller 444.
[0435] Results of the experiments show that the amount of applied developer 440 was consistent, but the proportion
of developer 440 deposited on the control roller 445 increased in cases where the peripheral speed of rotation of the
control roller 445 was lower than the peripheral speed of the developing roller 444. Conversely, in cases where the
peripheral speed of the control roller 445 was higher than the peripheral speed of the developing roller 444, not only
did the amount of applied developer 440 become consistent, but also the amount of developer 440 deposited on the
control roller 445 decreased. This is because at low rotational speeds of the control roller 445 developer 440 tends to
be applied to and deposited on the control roller 445 when the developing roller 444 is rotated, whereas the control
roller 445 rotating at high rotational speeds tends to prevent deposition of developer 440 on the developing roller 444
to reduce the amount of deposited developer 440.
[0436] If the peripheral speed of the control roller 445 is excessively increased, the developer 440 deposited on the
developing roller 444 is easily scattered; scattered developer 440 impairs consistent application and, when scattered
outside the developer tank 441, even contaminates the inside of the image forming apparatus.
[0437] Therefore, the ratio of the peripheral speed of rotation of the control roller 445 to the peripheral speed of the
developing roller 444 preferably is in a range of 1.01 - 2.0, and most preferably in a range of 1.05 - 1.5.
[0438] The supplied developer 440 passes between the applying member 446 and the developing roller 444, is
temporarily stored in the reservoir 448 and, should the pressure therein exceed a given value, returned to the storage
section around the agitation member 442 via the opening 449.
[0439] As described above in the respective examples, in order to use one-component type developer 440 and to
apply a constant amount of the developer 440 to the developing roller 444 which conveys the developer 440 to the
position of development which faces the photoconductor 401, it is important to provide the rotatable control roller 445
which serves as the control roller.
[0440] In order to level the amount of developer deposited on the developing roller 444 with this rotatable control
roller 445, the rotational direction of the control roller 445 is set to be identical to the rotational direction of the developing
roller 444 in the region of contact.
[0441] In addition, in order to enhance consistency in application of developer 440, it is important to set the peripheral
speed of rotation of the control roller 445 to be lower or higher than the peripheral speed of the developing roller 444.
Also, since deposition of developer 440 on the control roller 445 causes an inconsistent amount of developer 440 to
be applied to the developing roller 444, from this point of view as well, it is important to set the peripheral speed of
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rotation of the control roller 445 to be higher than the peripheral speed of rotation of the developing roller 444. It is
additional effective insurance to place cleaning means, which removes developer 440 deposited on the control roller
445, forcedly in contact with the control roller 445 after application of developer 440 to the developing roller 444 has
been controlled.
[0442] In order to ensure consistent application to the developing roller 444, it is effective to provide means for
pressing the supplied developer 440 against the developing roller 444. One effective method of realizing this is to place
the supplied developer 440 under a given pressure at all times during its passage to the developing roller 444. Another
method is to maintain a given passage space region between the developing roller 444 and the applying member 446,
as shown in Fig. 110, and an additional effective method involves maintenance of constant pressure on the developer
440 being deposited on the developing roller 444, prior to control of the amount of the applied developer by the control
roller 445. In order to carry out these methods, it is effective to provide a reservoir 448 confined by the applying member
446, the control roller 445 and the developing roller 444 and to provide a circuit pathway which returns developer 440
with pressure beyond a given value around the position on which the agitation member 442 in the developer tank 441
is arranged.
[0443] The invention may be embodied in other specific forms without departing from the essential characteristics
thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended claims rather than by the foregoing description and all changes
which come within the meaning and the range of equivalency of the claims are therefore intended to be embraced
therein.

Claims

1. A developing device for holding and supplying particulate developer (24) in an image recording apparatus, the
device comprising a developing roller (22) for supplying the developer from the device, a developer feed roller (23)
for transferring developer to the developing roller, a control member (27) for controlling the layer thickness of
developer on the developing roller (22), and a developer applying member (40; 50; 60; 70; 80; 446, 447) for con-
trolling the application of developer to the developing roller (22) at a substantially constant application pressure.

2. A developing device according to claim 1, further comprising means (26a; 26b) for recovering developer removed
from the developing roller (22) by the control member (27).

3. A developing device according to claim I or claim 2, further including a scrubbing member (45) for removing addi-
tional developer (24) from the surface of the developer feed roller (23), to be applied to the developing roller (22).

4. A developing device according to any of claims 1 to 3, further including means dividing the internal space of the
device into a first chamber (49) in which developer is applied to the developer feed roller (23) and a second chamber
(32) in which developer is transferred to the developing roller (22), said means permitting the return of excess
developer from the second chamber to the first chamber.

5. A developing device according to any of claims 1 to 4, further including means (80) for isolating the developer from
the developing roller (22) prior to use of the device, said means (80) being displaceable to release the developer
through operation of a component (26) of the developer transport mechanism (26, 23, 22) of the device.

6. A developing device according to any of claims 1 to 5, wherein an inner wall surface (21a) of the device adjacent
the developer feed roller (23) is provided with a surface roughness for promoting charging of the developer.

7. A developing device according to any of claims 1 to 6, wherein the surface of the developer feed roller (23) is
provided with a surface roughness for promoting charging of the developer.

8. A developing device according to any of claims 1 to 7, wherein the developer feed roller (23) has a polygonal
shape in cross-section.

9. A developing device according to claim 1 for use in an image recording apparatus in which a non-magnetic, one-
component type developer is used, and in which said developing roller (22) supplies a developer (24) to a photo-
conductor; wherein:

said developer feed roller (23) is provided in non-contact with the developing roller (22), for conveying and
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supplying the developer (24) to the developing roller (22);
said control member (27; 445) is placed upstream in the direction of conveyance of the developer (24) relative
to the position of supply of said developer to the photoconductor, and
said developer-applying member (40; 50; 60; 70; 80; 446, 447) is disposed in the region of the developer feed
roller (23) and the developing roller (22), and extends in the axial direction of the developing roller (22), and
also extends in the direction in which the developer (24) is conveyed toward the control member (27) by rotation
of the developing roller (22) and the developer feed roller (23), with decreasing distance from the surface of
the developing roller (22).

10. A developing device according to claim 9, wherein the developer-applying member (40) is formed of a material
having elastic restoring force.

11. A developing device according to claim 9, wherein the tip of the developer-applying member (40) is bent in the
shape of an L or U letter.

12. A developing device according to claim 9, wherein the tip of the developer-applying member (40) comprises two
or more layers of plates.

13. A developing device according to claim 9, wherein the developer-applying member (40) is provided with irregular-
ities formed on the surface of the developer-applying member (40).

14. A developing device according to claim 13, wherein the ten-point mean surface roughness Rz of the irregularities
and the mean particle size "r" of the developer (24) satisfy the relation:

15. A developing device according to claim 9, wherein the developer-applying member (40) is provided with a pressure-
regulating (40e) valve which controls increase in the pressure of the developer (24) being conveyed between the
developer-applying member (40) and the developer roller (22).

16. A developing device according to claim 9, further comprising
a scrubbing member (45) in contact with the developer feed roller (23) for scrubbing the developer (24)

deposited on the developer feed roller (23), the scrubbing member (45) being fixed to the developer-applying
member (40),

wherein the surface of the developing roller (22), the developer-applying member (40), and the scrubbing
member (45) confine a space which functions as a pressurizing chamber for increasing the pressure of the devel-
oper (24) during conveyance.

17. A developing device according to claim 16, wherein a developer agitation roller (26), provided with a blade material
(38) at a tip thereof, is placed upstream from the developing roller (22) in the path over which the developer (24)
is conveyed, to convey the developer (24) to the developer feed roller (23) while agitating.

18. A developing device according to claim 16, wherein a through-hole (45c) is formed in the scrubbing member (45).

19. A developing device according to claim 9, further comprising
a developer tank (49) for receiving at least the developer (24), the developing roller (22), and the developer

feed roller (23);
wherein the developer-applying member (50) is arranged for scrubbing the developer (24) deposited on the

developer feed roller (23), the developer-applying member (50) extending from the inner wall surface of the de-
veloper tank (49) to the developer feed roller (23), facing the developing roller (22), to partition the developer tank
(49), having an end thereof extending to the developer feed roller (23) to be in contact therewith, being placed at
such a position as to allow conveyance of the developer (24) to a space between the developer-applying member
(50) and the developing roller (22) by rotation of the developing roller (22) and the developer feed roller (23), and
being provided with a hole (34) formed therein for the passage of the developer (24) conveyed between the de-
veloper-applying member (50) and the developing roller (22).

20. A developing device according to claim 19, wherein the developer-applying member (50) is formed of a rigid ma-

1/2 x r % Rz % 10 x r.
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terial, except in the vicinity of the end extending to the developer feed roller (23).

21. A developing device according to claim 19, wherein the width of the hole formed in the developer-applying member
(50) increases toward the developing roller (22).

22. A developing device according to any of claims 9, 16 and 19, wherein a developer agitation roller (26) for conveying
the developer (24) to the developer feed roller (23) while agitating the developer (24) is provided upstream from
the developer feed roller (23) in the path over which the developer (24) is conveyed, and the amount S1 of con-
veyance per rotation of the developer feed roller (23), the amount S2 of conveyance per rotation of the developer
agitation roller (26), and the ratio "b" of the number of rotations of the developer agitation roller (26) satisfy the
relation: S1 % b x S2.

23. A developing device according to any of claims 9, 16 and 19, wherein a constant k representing (St·Rt) / (Sd·Rd)
satisfies the relation: 1%k%20, wherein St is the area of the developer feed roller (23) to convey the developer; Rt
is the number of rotations thereof; Sd is the area of the developing roller (22) to convey the developer (24); Rd is
the number of rotations thereof, provided that the length of the developer feed roller (23) is equal to the length of
the developing roller (22).

24. A developing device according to claim 9, further comprising
a developer tank (49) for receiving the developer (22), the developing roller (22), and the developer feed

roller (23);
wherein the developer-applying member (70) extends from the inner wall surface of the developer tank (49)

to the developer feed roller (23), while facing the developer roller (22), to partition the developer tank (49), has an
end thereof extending to the developer feed roller (23) and is in contact therewith to scrub the developer (24)
deposited on the developer feed roller (23), and is placed at such a position as to allow conveyance of the developer
(24) to a space between the developer-applying member (70) and the developing roller (22) by rotation of the
developing roller (22) and the developer feed roller (23);

wherein a plurality of open sections (70a) are formed in the developer-applying member by dividing a rec-
tangular opening with longer sides parallel to the axial direction of the developing roller (22), by parallelogrammic
partitions (71) which extend one longer side to the other longer side,

and wherein the parallelogrammic partitions (71) are formed such that the length of the portion of any per-
pendicular line which crosses the partition (71) is always constant when the perpendicular line is drawn from an
arbitrary point of one longer side to the other longer side.

25. A developing device according to claim 9, further comprising
a developer agitation roller (26), provided upstream from the developer feed roller (23) in the path over which

the developer (24) is conveyed, for conveying the developer to the developer feed roller (23) while agitating the
developer (24); and

a developer tank (49) for receiving the developer (24), the developing roller (22), the developer feed roller
(23), the developer agitation roller (26), and the developer-applying member (50);

wherein the developer-applying member (50) extends toward the wall surface of the developer tank (49),
with an end thereof being fixed by a fixing means (82) provided on the wall surface;

a replaceable container (20) for housing the developer tank (49);
a guide groove (85), formed on the side wall of the developer tank (49), for supporting and guiding the de-

veloper-applying member (50) in a slidable manner;
protrusions (83) formed on the developer-applying member (50), the protrusions (83) being engageable with

the developer agitation roller (26); and
an anchor protrusion (81) formed on the wall surface of the developer tank (49) and engageable with an

anchor hole (84) formed in the developer-applying member.

26. A developing device according to claim 25, wherein the developer-applying member (50) is flexible and has a
circular section.

27. A developing device according to claim 25, wherein the developer agitation roller (26) is rotated prior to operation
of the image forming apparatus.

28. A developing device according to claim 25 or claim 27, further comprising a first gear (87) mounted around the
section of an extension of the developer agitation roller (26) outside the replaceable container (20), the first gear
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(87) being engageable with a second gear (89) mounted on the image forming apparatus when the container (20)
is mounted in the body of the image forming apparatus.

29. A developing device according to claim 9, wherein the control member is a control roller (445) for controlling the
amount of the developer (440) to be supplied and deposited on the developing roller (444), the control roller (445)
being biased toward the developing roller (444) by pressure, and rotatably driven so as to move in the same
direction as the developing roller (444) in a region where the control roller (445) contacts the developing roller (444).

30. A developing device according to claim 29, wherein the peripheral speed of rotation of the control roller (445) is
set to be higher than the peripheral speed of the developing roller (444).

31. A developing device according to claim 29, wherein the control roller (445) is formed of a conductive material and
is connected to a grounding potential.

32. A developing device according to claim 29, further comprising a cleaning member (451), placed in contact with
the surface of the control roller (445), for cleaning the surface of the control roller (445) which has controlled the
amount of the developer (440) to be applied to the developing roller (444).

33. A developing device according to claim 9, further including
a developer tank (49) for receiving the developer (24), the developing roller (22), and the developer feed

roller (23), the developer tank (49) having at an inner surface (21a) thereof that faces the developer feed roller
(23), irregularities which promote charging of the developer (24) by friction.

34. A developing device according to claim 33, wherein the developer feed roller (23) is formed as a regular polygonal
prism.

35. A developing device according to claim 34, wherein the number of angles of the regular polygonal section is 3-8.

Patentansprüche

1. Entwicklungsvorrichtung zum Aufnehmen und Liefern teilchenförmigen Entwicklers (24) in einem Bildaufzeich-
nungsgerät, die mit Folgendem versehen ist: einer Entwicklungswalze (22) zum Liefern des Entwicklers von der
Vorrichtung, einer Entwickler-Zuführwalze (23) zum Übertragen von Entwickler auf die Entwicklungswalze, einem
Steuerelement (27) zum Steuern der Schichtdicke des Entwicklers auf der Entwicklungswalze (22), und einem
Entwickler-Auftrageelement (40; 50; 60; 70; 80; 446, 447) zum Steuern des Auftragens von Entwickler auf die
Entwicklungswalze (22) mit im Wesentlichen konstantem Auftragedruck.

2. Entwicklungsvorrichtung nach Anspruch 1, ferner mit einer Einrichtung (27a; 26b) zum Rückgewinnen von Ent-
wickler von der Entwicklungswalze (22), der durch das Steuerelement (27) entfernt wurde.

3. Entwicklungsvorrichtung nach Anspruch 1 oder Anspruch 2, ferner mit einem Abreibeelement (45) zum Entfernen
zusätzlichen Entwicklers (24) von der Oberfläche der Entwickler-Zuführwalze (23), um auf die Entwicklungswalze
(22) aufgetragen zu werden.

4. Entwicklungsvorrichtung nach einem der Ansprüche 1 bis 3, ferner mit einer Einrichtung zum Unterteilen ihres
Innenraums in eine erste Kammer (49), in der Entwickler auf die Entwickler-Zuführwalze (23) aufgetragen wird,
und eine zweite Kammer (32), in der Entwickler auf die Entwicklungswalze (22) aufgetragen wird, wobei die Ein-
richtung die Rückkehr überschüssigen Entwicklers von der zweiten zur ersten Kammer erlaubt.

5. Entwicklungsvorrichtung nach einem der Ansprüche 1 bis 4, ferner mit einer Einrichtung (80) zum Isolieren des
Entwicklers gegenüber der Entwicklungswalze (22) vor dem Gebrauch der Vorrichtung, wobei diese Einrichtung
(80) so auslenkbar ist, dass sie den Entwickler durch Betreiben einer Komponente (26) des Entwickler-Transport-
mechanismus (26, 23, 22) der Vorrichtung freigibt.

6. Entwicklungsvorrichtung nach einem der Ansprüche 1 bis 5, bei der eine an die Entwickler-Zuführwalze (23) an-
grenzende Innenwandfläche (21a) der Vorrichtung mit einer Oberflächenrauigkeit zum Fördern des Aufladens des
Entwicklers versehen ist.
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7. Entwicklungsvorrichtung nach einem der Ansprüche 1 bis 6, bei der die Oberfläche der Entwickler-Zuführwalze
(23) mit einer Oberflächenrauigkeit zum Fördern des Aufladens des Entwicklers versehen ist.

8. Entwicklungsvorrichtung nach einem der Ansprüche 1 bis 7, bei der die Entwickler-Zuführwalze (23) im Schnitt
über Polygonform verfügt.

9. Entwicklungsvorrichtung nach Anspruch 1 zur Verwendung in einem Bildaufzeichnungsgerät, bei dem ein unma-
gnetischer Einkomponenten-Entwickler verwendet wird und bei dem die Entwicklungswalze (22) einen Entwickler
(24) an einen Fotoleiter liefert; wobei:

- die Entwickler-Zuführwalze (23) ohne Kontakt mit der Entwicklungswalze (22) vorhanden ist, um den Entwick-
ler (24) zur Entwicklungswalze (22) zu fördern und zu liefern;

- das Steuerelement (27; 445) stromaufwärts in der Förderrichtung des Entwicklers (24) relativ zur Position des
Zuführens des Entwicklers auf den Fotoleiter platziert ist; und

- das Entwickler-Auftrageelement (40; 50; 60; 70; 80; 446, 447) im Bereich der Entwickler-Zuführwalze (23)
und der Entwicklerwalze (22) angeordnet ist und sich in der axialen Richtung der Entwicklungswalze (22)
erstreckt, und auch in derjenigen Richtung erstreckt, in der der Entwickler (24 durch Drehung der Entwick-
lungswalze (22) und der Entwickler-Zuführwalze (23) zum Steuerelement (27) gefördert wird, mit abnehmen-
dem Abstand von der Oberfläche der Entwicklungswalze (22).

10. Entwicklungsvorrichtung nach Anspruch 9, bei der das Entwickler-Auftrageelement (40) aus einem Material mit
elastischer Rückstellkraft besteht.

11. Entwicklungsvorrichtung nach Anspruch 9, bei der die Spitze des Entwickler-Auftrageelements (40) L- oder U-
förmig gebogen ist.

12. Entwicklungsvorrichtung nach Anspruch 9, bei der die Spitze des Entwickler-Auftrageelements (40) über zwei oder
mehr Plattenschichten verfügt.

13. Entwicklungsvorrichtung nach Anspruch 9, bei der das Entwickler-Auftrageelement (40) mit Unregelmäßigkeiten
versehen ist, die an seiner Oberfläche ausgebildet sind.

14. Entwicklungsvorrichtung nach Anspruch 13, bei der die mittlere Oberflächenrauigkeit Rz der Unregelmäßigkeiten
an zehn Punkten sowie die mittlere Teilchengröße "r" des Entwicklers (24) die folgende Beziehung erfüllen:

15. Entwicklungsvorrichtung nach Anspruch 9, bei der das Entwickler-Auftrageelement (40) mit einem Druckregelventil
(40e) versehen ist, das den Druckanstieg des Entwicklers (24) steuert, das zwischen dem Entwickler-Auftra-
geelement (40) und der Entwicklungswalze (22) gefördert wird.

16. Entwicklungsvorrichtung nach Anspruch 9, ferner mit:

- einem Abreibeelement (45) in Kontakt mit der Entwickler-Zuführwalze (23) zum Abreiben des auf ihr abgela-
gerten Entwicklers (24), das am Entwickler-Auftrageelement befestigt ist;

- wobei die Oberflächen der Entwicklungswalze (22), des Entwickler-Auftrageelements (40) und des Abreibe-
elements (45) einen Raum umschließen, der als Druckkammer zum Erhöhen des Drucks des Entwicklers (24)
während des Fördervorgangs wirkt.

17. Entwicklungsvorrichtung nach Anspruch 16, bei der eine Entwickler-Rührwalze (26), die an ihrer Spitze mit einem
Klingenmaterial (38) versehen ist, stromaufwärts in Bezug auf die Entwicklungswalze (22) im Pfad platziert ist,
über den der Entwickler (24) gefördert wird, um ihn zur Entwickler-Zuführwalze (23) zu fördern, während er gerührt
wird.

18. Entwicklungsvorrichtung nach Anspruch 16, bei der im Abreibeelement (45) ein Durchgangsloch (45c) ausgebildet
ist.

1/2 x r ≤ Rz ≤ 10 x r.
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19. Entwicklungsvorrichtung nach Anspruch 9, ferner mit:

- einem Entwicklerbehälter (49) zum Aufnehmen zumindest des Entwicklers (24), der Entwicklungswalze (22)
und der Entwickler-Zuführwalze (23);

- wobei das Entwickler-Auftrageelement (50) so ausgebildet ist, dass es den auf der Entwickler-Zuführwalze
(23) abgelagerten Entwickler (24) abreibt, und es sich von der Innenwand des Entwicklerbehälters (49) zur
Entwickler-Zuführwalze (23) erstreckt, wobei es der Entwicklungswalze (22) zugewandt ist, um den Entwick-
lerbehälter (49) zu unterteilen, wobei sich ein Ende derselben zur Entwickler-Zuführwalze erstreckt, um mit
dieser in Kontakt zu stehen, mit Platzierung an einer solchen Position, dass ein Fördern des Entwicklers (24)
in einen Raum zwischen dem Entwickler-Auftrageelement (50) und der Entwicklungswalze (22) durch Drehung
der Entwicklungswalze (22) und der Entwickler-Zuführwalze (23) ermöglicht ist, und das mit einem in ihm
ausgebildeten Loch (34) versehen ist, um den Durchgang des zwischen dem Entwickler-Auftrageelement (50)
und der Entwicklungswalze (22) geförderten Entwicklers (24) zu ermöglichen.

20. Entwicklungsvorrichtung nach Anspruch 19, bei der das Entwickler-Auftrageelement aus einem starren Material,
' außer in der Nähe des Endes, das sich zur Entwickler-Zuführwalze (23) erstreckt, besteht.

21. Entwicklungsvorrichtung nach Anspruch 19, bei der die Breite des im Entwickler-Auftrageelement (50) ausgebil-
deten Lochs zur Entwicklungswalze (22) hin zunimmt.

22. Entwicklungsvorrichtung nach einem der Ansprüche 9, 16 und 19, bei der eine Entwickler-Rührwalze (26) zum
Fördern des Entwicklers (24) zur Entwickler-Zuführwalze (23), während der Entwickler (24) gerührt wird, strom-
aufwärts in Bezug auf die Entwickler-Zuführwalze (23) im Pfad vorhanden ist, über den der Entwickler (24) gefördert
wird, wobei die Fördermenge S1 pro Umdrehung der Entwickler-Zuführwalze (23), die Fördermenge S2 pro Um-
drehung der Entwickler-Rührwalze (26) und das Verhältnis "b" der Anzahl der Umdrehungen der Entwickler-Rühr-
walze (26) der folgenden Beziehung genügen: S1 ≤ b x S2.

23. Entwicklungsvorrichtung nach einem der Ansprüche 9, 16 und 19, bei der eine (St · Rt)/(Sd · Rd) repräsentierende
Konstante k der Beziehung 1≤k≤20 genügt, wobei St die Fläche der Entwickler-Zuführwalze (23) zum Fördern des
Entwicklers ist; Rt die Anzahl der Umdrehungen derselben ist; Sd die Fläche der Entwicklungswalze (22) zum
Fördern des Entwicklers (24) ist; Rd die Anzahl der Umdrehungen derselben ist; vorausgesetzt, dass die Länge
der Entwickler-Zuführwalze (23) der Länge der Entwicklungswalze (22) entspricht.

24. Entwicklungsvorrichtung nach Anspruch 9, ferner mit:

- einem Entwicklerbehälter (49) zum Aufnehmen des Entwicklers (22), der Entwicklungswalze (22) und der
Entwickler-Zuführwalze (23);

- wobei sich das Entwickler-Auftrageelement (70) von der Innenwandfläche des Entwicklerbehälters (49) zur
Entwickler-Zuführwalze (23) erstreckt, während es der Entwicklungswalze (22) zugewandt ist, um den Ent-
wicklerbehälter (49) zu unterteilen, und wobei sich ein Ende desselben zur Entwickler-Zuführwalze (23) er-
streckt und mit dieser in Kontakt steht, um den auf ihr abgelagerten Entwickler (24) abzureiben und wobei es
an einer solchen Position platziert ist, dass es das Fördern des Entwicklers (24) in einen Raum zwischen dem
Entwickler-Auftrageelement (70) und der Entwicklungswalze (22) durch Drehen der Entwicklungswalze (22)
und der Entwickler-Zuführwalze (23) ermöglicht;

- im Entwickler-Auftrageelement durch Unterteilen einer rechteckigen Öffnung mit längeren Seiten parallel zur
axialen Richtung der Entwicklungswalze (22) durch parallelogrammförmige Trennelemente (71), die sich von
einer längeren Seite zur anderen längeren Seite erstrecken, mehrere offene Abschnitte (70a) im Entwickler-
Auftrageelement ausgebildet sind;

- und wobei die parallelogrammförmigen Trennelemente (71) so ausgebildet sind, dass die Länge des Ab-
schnitts jeder senkrechten Linie, die das Trennelement (71) schneidet, immer konstant ist, wenn die senkrechte
Linie von einem beliebigen Punkt einer längeren Seite zur anderen längeren Seite gezogen wird.

25. Entwicklungsvorrichtung nach Anspruch 9, ferner mit:

- einer Entwickler-Rührwalze (26), die stromaufwärts in Bezug auf die Entwickler-Zuführwalze (23), im Pfad
angeordnet ist, über den der Entwickler (24) gefördert wird, um den Entwickler zur Entwickler-Zuführwalze
(23) zu fördern, während er gerührt wird; und

- einem Entwicklerbehälter (49) zum Aufnehmen des Entwicklers (24), der Entwicklungswalze (22), der Ent-
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wickler-Zuführwalze (23), der Entwickler-Rührwalze (26) und des Entwickler-Auftrageelements (50);
- wobei sich das Entwickler-Auftrageelement (50) zur Wandfläche des Entwicklerbehälters (49) erstreckt und

ein Ende desselben durch eine an der Wandfläche vorhandene Befestigungseinrichtung (82) befestigt ist;
- einem austauschbaren Behälter (20) zum Aufnehmen des Entwicklerbehälters (49);
- einer Führungsnut (85), die an der Seitenwand des Entwicklerbehälters (49) ausgebildet ist, um das Entwick-

ler-Auftrageelement (50) auf verschiebbare Weise zu halten und zu führen;
- Vorsprüngen (83), die am Entwickler-Auftrageelement (50) ausgebildet sind und mit der Entwickler-Rührwalze

(26) in Eingriff treten können; und
- einem Verankerungsvorsprung (81), der an der Wandfläche des Entwicklerbehälters (49) ausgebildet ist und

mit einem Verankerungsloch (84) in Eingriff treten kann, das im Entwickler-Auftrageelement ausgebildet ist.

26. Entwicklungsvorrichtung nach Anspruch 25, bei der das Entwickler-Auftrageelement (50) flexibel ist und über einen
kreisförmigen Querschnitt verfügt.

27. Entwicklungsvorrichtung nach Anspruch 25, bei der die Entwickler-Rührwalze (26) gedreht wird, bevor das Bilder-
zeugungsgerät betrieben wird.

28. Entwicklungsvorrichtung nach Anspruch 25 oder Anspruch 27, ferner mit einem ersten Zahnrad (87), das um den
Abschnitt einer Verlängerung der Entwickler-Rührwalze (26) außerhalb des austauschbaren Behälters (20) ange-
ordnet ist, und das mit einem am Bilderzeugungsgerät angebrachten zweiten Zahnrad (89) in Eingriff treten kann,
wenn der Behälter (20) am Körper des Bilderzeugungsgeräts angebracht wird.

29. Entwicklungsvorrichtung nach Anspruch 9, bei der das Steuerelement eine Steuerwalze (445) zum Steuern der
an die Entwicklungswalze (444) zu liefernden und auf ihr abzuscheidenden Menge von Entwickler (440) ist, wobei
die steuerwalze (445) durch Druck zur Entwicklungswalze (444) hin vorgespannt wird und sie drehend so ange-
trieben wird, dass sie sich in einem Bereich, in dem sie mit der Entwicklungswalze (444) in Kontakt steht, in der-
selben Richtung wie diese angetrieben wird.

30. Entwicklungsvorrichtung nach Anspruch 29, bei der die Umfangsgeschwindigkeit der Drehung der Steuerwalze
(445) so eingestellt ist, dass sie höher als diejenige der Entwicklungswalze (444) ist.

31. Entwicklungsvorrichtung nach Anspruch 29, bei der die Steuerwalze (445) aus einem leitenden Material besteht
und mit Massepotenzial verbunden ist.

32. Entwicklungsvorrichtung nach Anspruch 29, ferner mit einem Reinigungselement (451), das in Kontakt mit der
Steuerwalze (445) platziert ist, um die Oberfläche derselben zu reinigen, die die Menge des auf die Entwicklungs-
walze (444) aufzutragenden Entwicklers (440) gesteuert hat.

33. Entwicklungsvorrichtung nach Anspruch 9, ferner mit:

- einem Entwicklerbehälter (49) zum Aufnehmen des Entwicklers (24), der Entwicklungswalze (22) und der
Entwickler-Zuführwalze (23), und der an derjenigen seiner Innenflächen (21a), die der Entwickler-Zuführwalze
(23) zugewandt ist, Unregelmäßigkeiten aufweist, die ein Aufladen des Entwicklers (24) durch Reibung för-
dern.

34. Entwicklungsvorrichtung nach Anspruch 33, bei der die Entwickler-Zuführwalze (23) als regelmäßiges Polygon-
prisma ausgebildet ist.

35. Entwicklungsvorrichtung nach Anspruch 34, bei der die Anzahl der Winkel des regelmäßigen Polygonabschnitts
3 - 8 beträgt.

Revendications

1. Dispositif de révélation destiné à maintenir et à fournir un révélateur particulier (24) dans un dispositif d'enregis-
trement d'images, le dispositif comprenant un cylindre de révélation (22) destiné à fournir le révélateur provenant
du dispositif, un cylindre d'alimentation en révélateur (23) destiné à transférer le révélateur vers le cylindre de
révélation, un élément de contrôle (27) destiné à contrôler l'épaisseur de la couche de révélateur sur le cylindre
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de révélation (22) et un élément d'application de révélateur (40 ; 50 ; 60 ; 70 ; 80 ; 446, 447) destiné à contrôler
l'application du révélateur au cylindre de révélation (22) selon une pression d'application pratiquement constante.

2. Dispositif de révélation selon la revendication 1, comprenant en outre un moyen (26a ; 26b) destiné à récupérer
le révélateur éliminé du cylindre de révélation (22) par l'élément de contrôle (27).

3. Dispositif de révélation selon la revendication 1 ou la revendication 2, comprenant en outre un élément de brossage
(45) destiné à éliminer le révélateur supplémentaire (24) de la surface du cylindre d'alimentation en révélateur
(23), qui doit être appliqué au cylindre de révélation (22).

4. Dispositif de révélation selon l'une quelconque des revendications 1 à 3, comprenant en outre un moyen destiné
à diviser l'espace interne du dispositif en une première chambre (49) dans laquelle le révélateur est appliqué au
cylindre d'alimentation en révélateur (23) et une seconde chambre (32) dans laquelle le révélateur est transféré
vers le cylindre de révélation (22), ledit moyen permettant le retour du développeur excédentaire de la seconde
chambre vers la première chambre.

5. Dispositif de révélation selon l'une quelconque des revendications 1 à 4, comprenant en outre un moyen (80)
destiné à isoler le révélateur du cylindre de révélation (22) préalablement à l'utilisation du dispositif, ledit moyen
(80) étant susceptible de se déplacer pour libérer le révélateur au moyen d'une opération d'un composant (26) du
mécanisme de transport de révélateur (26, 23, 22) du dispositif.

6. Dispositif de révélation selon l'une quelconque des revendications 1 à 5, dans lequel une surface de paroi interne
(21a) du dispositif adjacent au cylindre d'alimentation en révélateur (23) présente une rugosité de surface destinée
à favoriser le chargement du révélateur.

7. Dispositif de révélation selon l'une quelconque des revendications 1 à 6, dans lequel la surface du cylindre d'ali-
mentation en révélateur (23) présente une rugosité de surface destinée à favoriser le chargement du révélateur.

8. Dispositif de révélation selon l'une quelconque des revendications 1 à 7, dans lequel le cylindre d'alimentation en
révélateur (23) présente une coupe transversale de forme polygonale.

9. Dispositif de révélation selon la revendication 1 destiné à être utilisé dans un dispositif d'enregistrement d'images
dans lequel on utilise un révélateur de type monocomposant non-magnétique, dans lequel ledit cylindre de révé-
lation (22) applique un révélateur (24) à un photoconducteur ; dans lequel :

ledit cylindre d'alimentation en révélateur (23) est conçu pour ne pas entrer en contact avec le cylindre de
révélation (22), afin de transporter et d'apporter le révélateur (24) au cylindre de révélation (22) ;
ledit élément de contrôle (27 ; 445) est placé en amont dans la direction du transport du révélateur (24) rela-
tivement à la position d'apport dudit révélateur (24) au photoconducteur, et
ledit élément d'application de révélateur (40 ; 50 ; 60 ; 70 ; 80 ; 446, 447) est disposé dans la région du cylindre
d'alimentation en révélateur (23) et du cylindre de révélation (22), et se prolonge dans la direction axiale du
cylindre de révélation (22), et se prolonge également dans la direction dans laquelle le révélateur (24) est
transporté en direction de l'élément de contrôle (27) sous l'effet de la rotation du cylindre de révélation (22)
et du cylindre d'alimentation en révélateur (23), selon une distance décroissante à partir de la surface du
cylindre de révélation (22).

10. Dispositif de révélation selon la revendication 9, dans lequel l'élément d'application de révélateur (40) est constitué
d'un matériau présentant une force de rappel élastique.

11. Dispositif de révélation selon la revendication 9, dans lequel l'extrémité de l'élément d'application de révélateur
(40) est courbée en forme de L ou de U.

12. Dispositif de révélation selon la revendication 9, dans lequel l'extrémité de l'élément d'application de révélateur
(40) est constituée de deux, ou plus de deux couches de lames.

13. Dispositif de révélation selon la revendication 9, dans lequel l'élément d'application de révélateur (40) présente
des irrégularités constituées à la surface de l'élément d'application de révélateur (40).
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14. Dispositif de révélation selon la revendication 13, dans lequel la rugosité de surface moyenne sur dix points Rz
des irrégularités et la taille moyenne des particules "r" du révélateur (24) satisfont la relation :

15. Dispositif de révélation selon la revendication 9, dans lequel l'élément d'application de révélateur (40) est muni
d'une vanne de régulation de pression (40e) qui contrôle l'augmentation de la pression du révélateur (24) transporté
entre l'élément d'application de révélateur (40) et le cylindre de révélateur (22).

16. Dispositif de révélation selon la revendication 9, comprenant en outre :

un élément de brossage (45) placé en contact avec le cylindre d'alimentation en révélateur (23) destiné à
brosser le révélateur (24) déposé sur le cylindre d'alimentation en révélateur (23), l'élément de brossage (45)
étant fixé à l'élément d'application de révélateur (40),

dans lequel la surface du cylindre de révélation (22), l'élément d'application de révélateur (40) et l'élément
de nettoyage (45) sont confinés dans un espace jouant le rôle de chambre de pressurisation afin d'augmenter la
pression du révélateur (24) pendant le transport.

17. Dispositif de révélation selon la revendication 16, dans lequel un cylindre d'agitation de révélateur (26), muni d'un
matériau constituant lame (38) à son extrémité, est placé en amont du cylindre de révélation (22) sur la trajectoire
selon laquelle le révélateur (24) est transporté, afin d'assurer le transport du révélateur (24) vers le cylindre d'ali-
mentation en révélateur (23) tout en en assurant l'agitation.

18. Dispositif de révélation selon la revendication 16, dans lequel un orifice traversant (45c) est réalisé dans l'élément
de brossage (45).

19. Dispositif de révélation selon la revendication 9, comprenant en outre :

un réservoir de révélateur (49) destiné à recevoir au moins le révélateur (24), le cylindre de révélation (22) et
le cylindre d'alimentation en révélateur (23) ;

dans lequel l'élément d'application de révélateur (50) est conçu pour brosser le révélateur (24) déposé sur
le cylindre d'alimentation en révélateur (23), l'élément d'application de révélateur (50) se prolongeant de la surface
de la paroi interne du réservoir de révélateur (49) au cylindre d'alimentation en révélateur (23), en faisant face au
cylindre de révélation (22), pour compartimenter le réservoir de révélateur (49), comportant une de ses extrémités
se prolongeant en direction du cylindre d'alimentation en révélateur (23) pour se trouver en contact avec celui-ci,
en étant placé dans une position telle qu'il est possible d'assurer le transport du révélateur (24) vers un espace
situé entre l'élément d'application de révélateur (50) et le cylindre de révélation (22) par la rotation du cylindre de
révélation (22) et du cylindre d'alimentation en révélateur (23), et muni d'un orifice (34) qui y est constitué pour le
passage du révélateur (24) transporté entre l'élément d'application de révélateur (50) et le cylindre de révélation
(22).

20. Dispositif de révélation selon la revendication 19, dans lequel l'élément d'application de révélateur (50) est formé
d'un matériau rigide, sauf au voisinage de l'extrémité se prolongeant vers le cylindre d'alimentation en révélateur
(23).

21. Dispositif de révélation selon la revendication 19, dans lequel la largeur de l'orifice réalisé dans l'élément d'appli-
cation de révélateur (50) augmente en direction du cylindre de révélation (22).

22. Dispositif de révélation selon l'une quelconque des revendications 9, 16 et 19, dans lequel un cylindre d'agitation
de révélateur (26) destiné à transporter le révélateur (24) vers le cylindre d'alimentation en révélateur (23) tout en
agitant le révélateur (24) est placé en amont du cylindre d'alimentation en révélateur (23) sur la trajectoire selon
laquelle le révélateur (24) est transporté, et la quantité S1 de transport par rotation du cylindre d'alimentation en
révélateur (23), la quantité S2 de transport par rotation du cylindre d'agitation de révélateur (26) et le rapport "b"
du nombre de rotations du cylindre d'agitation de révélateur (26) satisfont la relation : S1 ≤ b x S2.

1/2 x r ≤ Rz ≤ 10 x r.
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23. Dispositif de révélation selon l'une quelconque des revendications 9, 16 et 19, dans lequel une constante k repré-
sentant (St . Rt)/(Sd . Rd) satisfait la relation : 1 ≤ k ≤ 20, dans lequel St est la surface du cylindre d'alimentation
en révélateur (22) pour le transport du révélateur (24) ; Rd est le nombre de ses rotations, à condition que la
longueur du cylindre d'alimentation en révélateur 23 soit égale à la longueur du cylindre de révélation (22).

24. Dispositif de révélation selon la revendication 9, comprenant en outre :

un réservoir de révélateur (49) destiné à recevoir le révélateur (22), le cylindre de révélation (22) et le cylindre
d'alimentation en révélateur (23) ;

dans lequel l'élément d'application de révélateur (70) se prolonge de la surface de la paroi intérieure du
réservoir de révélateur (49) au cylindre d'alimentation en révélateur (23), tout en faisant face au cylindre de révé-
lateur (22), pour compartimenter le réservoir de révélateur (49), a l'une de ses extrémités se prolongeant en di-
rection du cylindre d'alimentation en révélateur (23) et se trouve en contact avec celui-ci pour brosser le révélateur
(24) déposé sur le cylindre d'alimentation en révélateur (23) et est placé dans une position telle qu'il est possible
d'assurer le transport du révélateur (24) vers un espace situé entre l'élément d'application de révélateur (70) et le
cylindre de révélation (22) par la rotation du cylindre de révélation (22) et du cylindre d'alimentation en révélateur
(23) ;

dans lequel une pluralité de sections ouvertes (70a) est constituée dans l'élément d'application de révélateur
en divisant une ouverture rectangulaire comportant des côtés plus longs parallèlement à la direction axiale du
cylindre de révélation (22), au moyen de compartiments en forme de parallélogrammes (71) qui se prolongent de
l'un des côtés plus longs à l'autre des côtés plus longs,

et dans lequel les compartiments en forme de parallélogrammes (71) sont réalisés de telle sorte que la
longueur de la partie d'une ligne perpendiculaire quelconque qui coupe le compartiment (71) soit toujours constante
lorsque la ligne perpendiculaire est tracée entre un point arbitraire compris entre l'un des côtés plus longs et l'autre
des côtés plus longs.

25. Dispositif de révélation selon la revendication 9, comprenant en outre :

un cylindre d'agitation de révélateur (26), placé en amont du cylindre d'alimentation en révélateur (23) sur la
trajectoire selon laquelle le révélateur (24) est transporté, destiné à transporter le révélateur vers le cylindre
d'alimentation en révélateur (23) tout en agitant le révélateur (24) ; et
un réservoir de révélateur (49) destiné à recevoir le révélateur (24), le cylindre de révélation (22), le cylindre
d'alimentation en révélateur (23), le cylindre d'agitation de révélateur (26) et l'élément d'application de révé-
lateur (50) ;

dans lequel l'élément d'application de révélateur (50) se prolonge en direction de la surface de paroi du
réservoir de révélateur (49), une de ses extrémités étant fixée à un moyen de fixation (82) placé sur la surface de
la paroi ;

un conteneur remplaçable (20) destiné à recevoir le réservoir de révélateur (49) ;
une gorge de guidage (85), constituée sur la paroi latérale du réservoir de révélateur (49), destinée à sup-

porter et à guider l'élément d'application de révélateur (50) de manière à en permettre le glissement ;
des protubérances (83) réalisées sur l'élément d'application de révélateur (50), les protubérances (83) étant

susceptibles de s'enclencher avec le cylindre d'agitation de révélateur (26) ; et
une protubérance constituant' ancre (81) réalisée sur la surface de la paroi du réservoir de révélateur (49)

et susceptible de s'enclencher avec un orifice d'ancrage (84) réalisé dans l'élément d'application de révélateur.

26. Dispositif de révélation selon la revendication 25, dans lequel l'élément d'application de révélateur (50) est flexible
et présente une section circulaire.

27. Dispositif de révélation selon la revendication 25, dans lequel le cylindre d'agitation de révélateur (26) est mis en
rotation préalablement à la mise en fonctionnement du dispositif de formation d'images.

28. Dispositif de révélation selon la revendication 25 ou la revendication 27, comprenant en outre un premier engre-
nage (87) monté autour de la section d'une extension du cylindre d'agitation de révélateur (26) à l'extérieur du
conteneur remplaçable (20), le premier engrenage (87) étant susceptible de s'enclencher avec un second engre-
nage (89) monté sur le dispositif de formation d'images lorsque le conteneur (20) est monté dans le bâti du dispositif
de formation d'images.
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29. Dispositif de révélation selon la revendication 9, dans lequel l'élément de contrôle est un cylindre de contrôle (445)
destiné à contrôler la quantité de révélateur (440) à fournir et à déposer sur le cylindre de révélation (444), le
cylindre de contrôle (445) étant sollicité en direction du cylindre de révélation (444) par pression, et entraîné en
rotation afin de se déplacer dans la même direction que le cylindre de révélation (444) dans une région dans
laquelle le cylindre de contrôle (445) est en contact avec le cylindre de révélation (444).

30. Dispositif de révélation selon la revendication 29, dans lequel la vitesse périphérique de rotation du cylindre de
contrôle (445) est fixée à une valeur plus élevée que la vitesse périphérique du cylindre de révélation (444).

31. Dispositif de révélation selon la revendication 29, dans lequel le cylindre de contrôle (445) est constitué d'un
matériau conducteur et est relié à un potentiel de masse.

32. Dispositif de révélation selon la revendication 29, comprenant en outre un élément de nettoyage (451), placé au
contact de la surface du cylindre de contrôle (445), destiné à nettoyer la surface du cylindre de contrôle (445) qui
a contrôlé la quantité de révélateur (440) à appliquer au cylindre de révélation (444).

33. Dispositif de révélation selon la revendication 9, comprenant en outre :

un réservoir de révélateur (49) destiné à recevoir le révélateur (24), le cylindre de révélation (22) et le cylindre
d'alimentation en révélateur (23), le réservoir de révélateur (49) étant muni, sur une de ses surfaces internes
(21a), qui fait face au cylindre d'alimentation en révélateur (23), d'irrégularités qui favorisent le chargement
du révélateur (24) par friction.

34. Dispositif de révélation selon la revendication 33, dans lequel le cylindre d'alimentation en révélateur (23) prend
la forme d'un prisme polygonal régulier.

35. Dispositif de révélation selon la revendication 34, dans lequel le nombre d'angles de la section polygonale régulière
est de 3 à 8.
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